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NOVEL L/IWSOA///1 SPP. GENE AND USES THEREFOR IV 



FIELD OF THE INVENTION 

5 The present inversion relates generally to therapeutic compositions for the treatment 
and/or prophylaxis of intestinal disease conditions in animals and birds caused or 
exac^c-Vr? t , ^.vron/a intracelluiaris or similar or otherwise related microorganism. 
In particular, the present invention provides a novel gene derived from Lawsonia 
mtracellulans which encodes an immunogenic peptide, polypeptide or protein. The 

10 polypeptide described herein, designated as FlgE, or a peptide homologue. analogue 
or derivative thereof is particularly useful as an antigen in vaccine preparation for 
conferring humoral immunity against Lawsonia intracelluiaris and related pathogens 
in animal hosts The present invention is also directed to methods for the treatment 
and/or prophylaxis of such intestinal disease conditions and to diagnostic agents and 

15 procedures for detecting Lawsonia intracelluiaris or similar or otherwise related 
n-»croorganisms. 

GENERAL 

B»bhog,apruG details of the publications numerically referred to in this specification are 
20 collected at the end of the description. All patents, patent applications, and 
r'i'r ,t;ior.$ cited herein are incorporated by reference in their entirety. 

Reference hereinafter to "Lawsonia intracelluiaris" or its abbreviation °L intracelluiaris 0 
includes all microorganisms similar to or otherwise related to this microorganism, as 
25 described by Stills (1 991 ) or Jones ef a/.(1 997) or Lawson et ai (1 993) or McOrist et 
al (1995) 

As used herein, the word "flgE 1 , or the term «flgE gene\ shall be taken to refer to the 
oeno encoding the flagellar hook protein of the present invention. It shall also be 
V) ur^rstood that the term "FlgE polypeptide" refers to the flagellar hcok protein of the 

irjv..r»:tQfi 
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As used herein the term "derived from" shall be taken to .ndicate that a specified 
p-ockict. in particular a macromolecule such as a peptide, polypeptide, protein, gene 
or nucleic acid molecule, antibody molecule. Ig fraction, or other macromolecule. or 
a ivo; vjieal sample comprising said macromolecule. may be obtained from a particular 
5 source'organism. tissue, organ or cell, albeit not necessarily directly from that source, 
organism, tissue, organ or cell. 

Throughout this specification, unless the context requires otherwise, the word 
••compr.se". or vanations such as "comprises" or "comprising", will be understood to 
10 imply the inclusion of a stated step or element or integer or group of steps or elements 
or integers but not the exclusion of any other step or element or integer or group of 
elements or integers. 

Those skilled in the art will appreciate that the invention described here.n is 
15 susceptible to variations and modifications other than those specif.cally described. It 
•s .-. be understood that the invention includes all such variations and modifications. 
Tno invention also includes all of the steps, features, composition, and compounds 
referred to or .nd.catod ,n this specification, individually or collectively, and any and 
all comb.nat.ons or any two or more of said steps, features, compositions and 
20 compounds 

The present invention is not to be limited in scope by the specific embodiments 
described herein, which are intended for the purposes of exemplification only. 
Functionally equ.valent products, composit.ons and methods are clearly within the 
25 scope of the invention, as described herein. 

BACKGROUND OF THE INVENTION 

I he meat-producing sector of the agricultural industry is dependant upon the health 
iS -s livestock and there is a need to maintain disease-free livestock for human 
30 cor sumption. The industry is subject to rapid economic downturn in response to 
d.s-^e condit.on* adversely affecting livestock and the quality of meat products 



derived therefrom, including those diseases which may potentially be transmitted to 
^.'i'iians. It is important, therefore, to have well defined treatments and prophylactic 
an* diagnostic procedures available to deal with infections or potential infections in 
livostock animals and humans 

5 

Meo* nrorf..^ derived from porcine and avian species are significant commercial 
proaucts in the agriculture industry. In particular, pigs form a major component of the 
meat industry However, pigs are sensitive to a wide spectrum of intestinal diseases 
collectively referred to as porcine proliferative enteropathy (PPE). These diseases 

10 have previously been known as intestinal adenomatosis complex (Barker and van 
Drumel, 1985), porcine intestinal adenomatosis (PIA), necrotic enteritis (Rowland and 
Lawson, 1976), proliferative haemorrhagic enteropathy (Love and Love, 1977), 
regional ileitis (Jonsson and Martinsson, 1976), haemorrhagic bowel syndrome 
(O'Neii. 1970), porcine proliferative enteritis and Campylobacter spp - induced 

i5 aniertlis (Straw, 1990) 

Thpre ^re two main forms of PPE. a non-haemorrhagic form represented by intestinal 
adenomatosis which frequently causes growth retardation and mild diarrhoea; and a 
haemorrhagic form, which is often fatal, represented oy proliferative haemorrhagic 
0 . r isathv (PHE) where the distal small intestine lumen becomes engorged with 
blcod PPE has been reported In a number of animal species including pigs (McOrist 
et a/ 1 993), hamsters (Stills, 1 991 ), ferrets (Fox et at, 1 989), guinea pigs (Elwell et at, 
1981). rabbits (Schodeb and Fox, 1990) as well as avian species (Mason et a/, 1998). 

5 I he causative organism of PPE is a CampylobacterAike organism referred to herein 
as "Lawsonia intracellularis" (McOrist et at. 1995). The organism has also been 
previously referred to as tleal symbiont intracellularis (Stills, 1 991 ). PPE-like diseases 
■n pigs may also be caused by other pathogens such as various species of 
■• ^mcylobacter (Gebhart et a/, 1 983). 

>\ 

: s»*on,a intracellularis is an intracellular, possibly obligate intracellular, bacterium 
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It can only be cultured /n wfro with tissue culture cells (Jones er a/.. 1997; Lawson ef 
a.. 1993; McOrist ef a/. 1995; International Patent Application No. P-T/US96/09576). 
i inirvcetlulans is located in the cytoplasm of the villus cells and internal crypt cells 
of .nfected animals. Pigs suffering from PPE are characterised by irregularities in the 
5 villus cells and internal crypt structure with epithelial cell dysplas.a, wherein crypt 
<^..^es form as the villi and intestinal crypts become branched and fill with 
inflammatory cells. 

PPE is rsign.f.cant cost component associated with the pig industry, especially in 
10 terms of stock losses, medication costs, reduced growth rates of pigs and increased 
feed costs. PPE also contributes to downstream indirect costs in, for example, 
additional labour costs and env.ronmental costs in dealing with antibiotic residue 
contamination, and in control measures to prevent the organism from being passed on 
or carried to other animals or humans. 

15 

Cunent control strategies for PPE rely on the use of antibacterial However, such a 
stratify -s cons.dered to only be short to medium term, especially since governmental 
regulatory pressures tend to discourage animal husbandry practices which involve the 
use -f nrr^-'—lir antibiotics. There is a need, therefore, to develop effective, safe 
20 and low cost alternatives to the use of antibiotics and, in particular, to develop vaccine 
preparations capable of conferring protective immunity against Lawsonia intracellular 
infection in livestock animals 

The most effective vaccine preparations are generally comprised of a highly antigenic 
25 component, such as a peptide, polypeptide, protein or other macromolecule which is 
derived from the pathogenic organism against which the vaccine is directed, wherein 
sa.d anngenic component produces little or no contraindications when administered 
to a susceptible host animal, and produces little or no antigenic cross-reactivity with 
j ;v - at ,: e organisms, such as non-pathogenic organisms that are a oait of the normal 
30 ti-jfo -1 the intestinal tract or other tissues of said host animal. In summary, an 
er»i*C -e tacrine preparation must be immunogenic, specific and safe. 
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Accordingly, there is a need to identify highly immunogenic antigens produced by the 

bacterium Lswsonia intracellularis. 

International Patent Application No. PCT/AU96/0G?67 describes several L 
5 intrr^,,.,,^;, part|a| gene * t , c sequenceSi and partja| p0 | ypeptides encoded tn8reby 

However, there is a need to further identify polypeptide immunogens produced by the 
baciehum L intracellularis and immunogenic peptides derived therefrom, including 
those immunogens which are genus- or species-specific, for use in improved vaccine 
compositions The presently-described invention provides such immunogens. 

10 

2 SUMMARY OF THE INVENTION 

One aspect of the present invention is d.rected to an isolated or recombinant 
j"j immunogenic potypept.de which comprises, mimics or cross-reacts with a B-cell or T- 

0 cell epitope of the KlgE polypeptide derived from Lawsonia spp. Preferably, the 

,J 15 :*e;*»ed or recombinant immunogenic polypeptide is selected from the group 
consisting of the following: 

m ; i) a peptide, oligopeptide or polypeptide which comprises an amino acid 

sequence which has at least about 60% sequence identity overall to the amino 
■■• .: sequence set forth in SEQ ID NO:1; 
20 a P e P tld e. oligopeptide or polypeptide which comprises at least about 

5 contiguous amino acids of the amino acid sequence defined by SEQ ID N0:1; 
or 

(iii) a homologue, analogue or derivative of (■) or (ii) which mimics a B-cell 
or T-cell epitope of Lawsonia spp. 



25 



In a preferred embodiment, the polypeptide comprises or consists essentially of the 
amino acid sequence of SEQ ID N0:1. 



A further aspect of the present invention provides a vaccine exposition for the 
SO p.-c^-vlo^s or treatment of infection in an animal, such as a pig or bird by l" 
mtracellu/ans or a similar or otherwise related microorganism, said vaccine 
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^-..-.position corr.pris.ng an immunolog.cally effective amount o< an immunogenic 
corn p 0nent which comprises an isolated or recombinant polypeptide having at least 
about 60% overall sequence identity to the amino acid sequence set forth in SEQ ID 
NO:1. or comprising at least 5 contiguous amino acids derived from SEQ ID NO:1 or 
: . : -.isogenic homologue, analogue or derivative thereof which is immunologically 
c.oss-react.ve with Lawsoma intracetlularis, and one or more carriers, diluents and/or 
adjuvants suitable for veterinary or pharmaceutical use. 

In a preferred embodiment, the polypeptide of the vaccine composition comprises or 
1 o consists essentially of the amino acid sequence of SEQ ID NO: 1 . 

A further aspect of the invention extends to an immunologically interactive molecule, 
W such as an antibody or antibody fragment, which is capable of binding to the 

,.n xnmunogenic polypeptide of the invention 



A further aspect of tne invention provides a method of diagnosing infection of an 
animal by Lawsonia intracellulars or a related microorganism, said method comprising 
the steos of contacting a biological sample derived from said animal with an 
^.r-unolog.caily interactive molecule of the present invention for a time and under 
20 conditions sufficient for a complex, such as an antigen:antibody complex, to form, and 
then detecting said complex formation. 

A further aspect of the present invention contemplates a method of determining 
whether or not an animal has suffered from a past infection, or is currently infected. 
25 by Lawsonia intracellular or a related microorganism, said method comprising 
contacting a tissue or fluid sample, such as blood or serum derived from said animal, 
- ,.<.?h the immunogenic polypeptide of the invention for a time and under conditions 
: - cicnf for a complex, such as an antigen: antibody complex, to form, and then 
.- ,".~.-* rcj said complex formation 

30 

A further aspect of the present invention provides an isolated nucleic acid molecule 
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cmpnses a sequence of nucleotides that encodes, or is complementary to a 
ouc^c a~,d molecule that encodes, a peptide, oligopeptide or polypeptide selected 
from the following: 

j p-^tide, oligopeptide or polypeptide which comprises an amino acid 
S sequence which has at least about 60% overall sequence identity to the amino 

acid sequence set forth in SEQ ID NO:1: 

(ii) a peptide, oligopeptide or polypeptide which comprises at least about 
5 conhguous amino acids derived from SEQ ID NO 1; or 
(iii.) a homologue, analogue or derivative of (i) or (ii), which mimics a B-cell 
1 0 or T-cell epitope of Lawsonia spp. 

VTi 

M In a preferred embodiment, the isolated nucleic acid molecule comprises the 

q n> :cieotide sequence set forth in SEQ ID NO:2. or a degenerate vanant thereof, has 

« m 3st about 60% sequence identity to all or a part thereof 

ui 15 

^ A s?i;i further aspect of the invention provides a diagnostic method of detecting 

jfl Lawsonia intracellularis or related microorganism in a biological sample derived from 

subject, said method comprising the steps of hybridising one or more 
4} po ,.-.ucleolide or oligonucleotide probes or primers denved . from the nucleotide 

20 sequence set forth in SEQ ID NO:2 or a complementary nucleotide sequence thereof 
or a homologue. analogue or derivative thereof, to said sample, and then detecting 
said hybridisation using a defection means. The detection means according to this 
aspect of the invention is any nucleic acid-based hybridisation or amplification 
reaction 

25 

A further aspect of the invention provides an isolated probe or primer derived from 
fi^O ID NO ? or a complementary nucleotide sequence thereto. 

BF'EF DESCRIPTION OF THE DRAWINGS 
30 Figure 1 is a schematic representation companng the am.no acid sequence of 
Lawsonia intraryJIuians (L. int) flagellar hook protein FlgE to the amino acid sequences 
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, ,f f =||.-3r Hook proteins derived from Treponema phagedena (T. phage), Treponema 
pallidum (T. palli). Salmonella typhimurium (S typhi). Escherichia coli (E coli). Aouifex 
aeolicus (A aeoV V/oro parahaemolyticus (V. parah) and So/re/ia burgdorferi 
,u -ju, Gaps have been introduced to optimise the alignment Positions containing 
5 ioentical armno acid residues with respect to the FlgE polypeptide of Lawsonia 
intracellulars <SEQ ID NO:1) are shaded. Residues that are identical in all eight 
sequences appear in boldface. 

DETAILED DESCRIPTION OF THE INVENTION 

10 In work leading up to the present invention, the inventors sought to identify 
immunogenic proteins of Lawsonia mtracellulans for use in vaccines for the 
prophylaxis and treatment of PPE in animals, including pigs and birds. 

* - 

Acrcfd:r.giy. one aspect of the present invention is directed to an isolated or 
15 recO'-r^n! •rnmu'-onenic polypeptide which comprises, mimics or cross-reacts with 
a B-cell or T-cell epitope of the FlgE polypeptide derived from Lawsonia spp. 

tp—pes o\ L^vsorna spp. may be B cell epitopes or T-cell epitopes. It is well-known 
that antibody-binding sites (B-ceil epitopes) involve linear as well as conformational 
20 epitopes (van Regenmortel, 1992) B-cell epitopes are predominantly conformational. 
In contrast. T-celis recognize predominantly linear epitope sequences in combination 
with MHC class II molecules. 



A precise identification and careful selection of epitopes of Lawsonia spp. facilitates 
?.s me development of diagnostic reagents and vaccine compositions for the effective 
■ r^tment or prophylaxis of Lawsonia infections. Epitope identification and 
cri : -: ^ctenzation (i e determination of the molecular weight, amir") acid sequence, 
ana structure of epitopes of Lawsonia spp ) may be performed using art-recognised 
ques r r cr ;he uetection of conformational epitopes, degrading and denaturing 
30 of the epitope molecule must be avoided in order to conserve the three-dimensional 
■j accuse the antigen-antibody reaction will be diminished if the secondary 
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sti uc{_:.-s ui iMe epitope is altered significantly In practice, the characterisation and 
isolation of linear non-conformational epitopes is easier, because any immunoreactive 
:;:e contained within a single peptide fragment or single amino acid sequence 
*/»:.• :s capable of being purified under a range of conditions. 

5 

Both non-conformational and conformational epitopes may be identified by virtue of 
their ability tc bind detectable amounts of antibodies (such as IgM or IgG) from sera 
of animals immunised against or infected with Lawsonia spp. and. «n particular L. 
intracellulahs. or an isolated polypeptide derived therefrom or. alternatively, by virtue 
10 of their ability to bind detectable amounts of antibodies in a purified Ig fraction derived 
from such sera The antibodies may be derived from or contained within pools of 
P j v otona! sera, or may be monoclonal antibodies. Antibody fragments or recombinant 
a-.t.'norijes. such as those expressed on the surface of a bacte.ophage or virus 
pan zic. such as in a phage display library, may also be employed. 

15 

The determination of T-cell epitopes is performed by analysing the ability of the 
oo.rr pe peptides to induce the proliferation of peripheral blood lymphocytes or T-cell 
cione> The identification of T-cell epitopes is accomplished using a variety of methods 
as known in the art, including the use of whole and fragmented native or recombinant 
20 antigenic protein, as well as the more commonly employed 'overlapping peptide" 
method. In the latter method, overlapping peptides which span the entire sequence of 
a polypeptide derived from Lawsonia spp. are synthesized and tested for their capacity 
to stimulate T-cell cytotoxic or proliferative responses m vitro. 

S"-i;cture determination of both conformational non-linear and non-conformational 
kn^-.v epitopes may be performed by nuclear magnetic resonance spectroscopy (NMR) 
r> • X -.-* : / crystallographic analysis. The determination of epitopes using X-ray 
tec? .-: -;-jes requires the protein-antibody complex to be crystallized, whereas NMR 
allows analysis of the complex in a liquid state. NMR measures the amount of amino 
■ : the neighbourhood of protons of different amino acid residues, 

~, the alternating effect of two protons along the carbon backbone is 
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characteristic of a particular epitope 

. ...... ^ method to recognize non-conformational linear epitopes is the 

.nur.unob.ot and ,n particu.ar. the Western blot. Peptides may be generated from a 
S complete La^on/a,pp- Polypeptide by digest.cn w,ths,te-specific proteases, such 
as trypsin or chymotryps.n. and the peptides generated thereby can be separated 
using standard e.ectrophoretic or chromatographic procedures. For examp.e. after 
eLctrcphores, accord.ng to mo.ecu.ar weight using SDS/PAGE (SDS/po.yacrylam.de 
g., e,ectro P horesis, and/or accord.ng to .soe.ectric point using IEF (isoe.ectr.c 
10 focuss,ng) or altemat.ve.y. by two-dimensional electrophoresis, the peptides can be 
,_ sf ,, red to irnmob.liz.ng ny«on or nitroce.lulose membranes and incubated w.th sera 
r ,.^ aga.nst the intact po.ypept.des. Peptides that comprise immunogenic reg.ons 
,"e B-rf. or T-ce.l epitopes) are bound by the antibodies in the sera and the bound 
antlh ,,.,,~< n-. 3 , be detected us.ng secondary antibodies, such as anti-.gG antibod.es. 
,5 that have been labelled radioactive.y or enzymatical.y The epitopes may then be 

e. bv cur,t:.calion based upon their size, charge or ab.l.ty to b.nd 

«e—»y :o antibodies against the intact polypept.de. using one or more 
tecnn.ques such as s.ze-exclusion chromatography, ion-exchange chromatography, 
aff.n.ty chromatography or EL.SA among others. After purif.cation of the epitope, only 
20 one band or spot shou.d be detectable with ge, electrophoresis. The N-termina. or total 
sequencing ot the peptide offers the possibility to compare the pept.de with known 
proteins in databases. 

Several computer-driven algorithms have now been devised to search for T-cell 
,< ...topes in prote.ns (Margal.t et a/. 1987; Vajda and C DeLisi. 19S0; Altuvia et a,.. 

Parl <orcfa/ 1994; DeGroot ef a/..1995; Gabriel e< a/. 1995; Me-ster et a/.. 1995). 
algorithms search the am.no acid sequence of a g-ven prote.n for 
cha ,,-.~nsi.=s behoved to be common to .mmunogen.c peptide*, locating regions that 
are likely to induce a cellular immune response in v*o. Computer-driven algorithm. 

: ^,or,,o{ aLawson/aspp polypeptide that contain epitopes and are less 
..,^r.« among d.t1erent .solates. Alternatively, computer Or-ven algorithms can rapidly 




- I! - 

identify regions of each isolate's more variable proteins that should be included in a 

r *n: vaccine 

The AMPHI algorithm (Margalit et a/, 1987), which is based on the periodicity of T cell 
5 epitopes, has been widely used for the prediction of T-cell antigenic sites from 
sequence information alone. Essentially, AMPHI describes a common structural 
pattern of MHC binding motifs, since MHC binding motifs (i.e.. patterns of amino acids 
that appear to be common to most of the peptides that bind to a specific MHC 
molecule) appear to exhibit the same periodicity as an alpha helix Identification of T- 
10 celi epitopes by locating MHC binding motifs irran amino acid sequence provides an 
□ effective means of identifying immunogenic epitopes in diagnostic assays. 

M 
W 

iVj . Trv? FoiMer al^Cirirhrr; (Meister ef a/.. 1995; Gabriel et aL, 1995; DeGroot et ai., 1995) 
locales clustered MHC binding motifs in amino acid sequences of proteins, based 
15 upon the correlation between MHC binding motif-dense regions and peptides that may 

1, ii=3> - «i<=* capacity to bind to a variety of MHC molecules (promiscuous or 

: *=? 

Ln muiti determinant binders) and to stimulate an immune response in these various MHC 

M contexts as well (promiscuous or multi-determinant epitopes). The EpiMer algorithm 

Q uses a library of MHC binding motifs for multiple class I and class II HLA alleles to 

20 predict antigenic sites within a protein that have the potential to induce an immune 
response in subjects with a variety of genetic backgrounds EpiMer locates matches 
to each MHC-binding motif within the primary sequence of a given protein antigen. The 
relative density of these motif matches is determined along the length of the antigen, 
resulting in the generation of a motif -density histogram. Finally, the algorithm identifies 
2 £ - r- -*»n regions in this histogram with a motif match density above an algorithm defined 
on density value, and produces a list of subsequences representing these 
cii.-?r--r-d or motif- n<-h regions. The regions selected by EpiMer may be more likely 
to act as multi-determinant binding peptides than randomly chosen peptides from the 
"~ ' ' ! - concentration of MHC-binding motif matches. The selection 

50 or rontons that are MHC binding motif-dense increases the likelihood that the predicted 
peptioe contains a "valid" motif, and furthermore, that the reiteration of identical motifs 
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msv r.nntrih eventide binding 

Ad Clonal MHC binding motif-based algorithms have been described by Parker et 
al (1994) and Altuvia ot al (1994). In these algorithms, binding to a given MHC 
5 molecule .s predicted by a linear function of the residues at each position, based on 
empirically defined parameters, and .n the case of the Alluvia ef a/.(1994) algorithm, 
known crystallographic structures may also be taken into consideration. 

Recombinant methods offer the opportunity to obtain well characterized epitopes of 
10 high purity for the product.on of diagnost.c reagents and epitope -spectfic vaccine 

.-J -TV -at.ons (Mohapatra ef al.. 1995). Based upon the ammo ac.d sequence of a linear 

o&rtcpo and identification of the corresponding nucleotide sequence encoding same. 

P o!/ : r-i--ose chain reaction (PCR) may be performed to amplify the epitope-encoding 

region from cDNA. After cloning and express.on in a su.iable veclor/host system, a 
1 5 |» r • - -i .-. or «pitopes of h.gh purity can be extracted. Accordingly, the present 

, n , r .- ! ,on clearly extends to both isolated non-recombinant polypeptides and 

recombinant polypeptides in an impure or isolated form 

The term "polypeptide" as used herein shall be taken to refer to any polymer 
20 consisting of ammo acids linked by covalent bonds and includes within its scope full- 
length proteins and parts or fragments thereof such as. for example, oligopeptides and 
short peptide sequences consisting of at least about 5 amino acid residues, preferably 
af ieast about 10 amino acid res.dues, more preferably at least about 12 amino acid 
-.---ii.es. and even more preferably at least about 15 amino acid residues. Also 
25 ,»e:. rfed with-n the scope of the definition of a "polypeptide" are ami-o acid sequence 
vs-riMrrts, containing one or more preferably conservative amino acid substitutions, 
ceiet.ons. or insertions, which do not alter at least one essential property of said 
polypeptide such as. for example, its immunogenicity, use as a diagnostic reagent, or 
as; a peptide vaccine against Lawsonia spp, amongst others. 
?0 Ar. r-dingly. a polypeptide may be isolated from a source in nature, or chemically 
synthesized furthermore, a polypeptide may be derived from a full-length protein by 
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::.r snzyrvnic cleavage, using reagents such as CNBr, trypsin, or 
-!*iyo;otrypsm. amongst others. 



Conseivative amino acid substitutions are well-known in the art. For example, one or 
> more am.no acid residues of a native flagellar hook protein of the present invention 
can be subst.tuted conservatively with an amino acid residue of similar charge, size 
or polarity, with the resulting polypeptide retaining an ability to funct.on ,n a vaccine 
or as a d.agnost.c reagent as described herein. Rules for making such substitutions 
-ncluoe those described by Dayhof (1978). More specifically, conservative amino aad 
20 substitution, are those that generally take place within a family of amino acids that are 
~-:~d ,m their side chains Genetically-encoded amino acids are generally divided 
•r.ic 'our groups: (1) acidic=aspartate. glutamate; (2) basic=lysine, arginine and 
histid.ne, (3) non-polar=alanine. valine, leucine, isoleucine. proline, phenylalanine 
£ methionine „nd tryptophan, and (4) uncharged po.ar= glycine, asparagine. glutamine. 

, vv-i senne. tnreonine. and tyrosine. Phenylalanine, tyrosine and tryptophan are 
nisr, pntly cl a ssif,ed as aromatic amino acids. One or more replacements within any 
Particular group such as for example, the substitution of leucine for isoleucine or 
valine or alternatively, the substitution of aspartate for glutamate or threonine for 
^ serine, o. of any other amino acid residue with a structurally-related amino acid 

« 20 residue, will generally have an insignificant effect on the function of the resulting 
polypeptide. 

Tho present invention is not limited by the source of the subject .mmunogen and 
.arsrly extends to isolated and recombinant polypeptides which are derived from a 
or o non-natural occurring source. 
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The term "recombinant polypeptide" as used herein snail be taken to refer to „ 
i. ■ zt. s produced m vitro or in a host cell by the expression of a genet.c 
« •': «nco encoding sa.rt polypeptide, which genetic sequence is under the control of 
30 a suitable promoter, wherein a genetic manipulation has been performed in order to 
achieve said expression According.y, the term "recombinant polypeptide" dearly 
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■ -.-^ossses polypeptides produced by the expression of genetic sequences 
earned m viral vectors, cosmids or plasmids that have been introduced into 
prokaryotic or eukaryotic celts, tissues or organs. Genetic manipulations which may 
be used in th<s context w,!i be known to those skilled in the art and include, but are not 
< limited to nucleic acid isolation, restriction endonuclease digest.on, exonuclease 
dioestion. end-filling using the Klenow fragment of E. col, DNA polymerase I or T4 
DNA polymerase enzymes, blunt-ending of DNA molecules using T4 DNA polymerase 
or F.XOIII enzymes. srte-directed mutagenesis, ligation, and amplification reactions. As 
„.„ be known to those skilled m the art. additional techn.qucs such as nucleic acid 
,, — .ridisations and nucleotide sequence analysis may also be utilised in the 
u. ,,-a.at-on of .ecomb.nant polypeptides, in confirming the identity of a nucleic acid 
,™iftai.e encoding a des.red recombinant polypept.de and a genetic construct 
comprising the nucleic acid molecule. 



}5 \Vf..;"« 



,n me nolypept.de of the present invention is a recombinant polypeptide, it may 
be oroduced in and, it des.rable. isolated from a recombinant viral vector expression 
system or host coll. As will be known to those skilled <n tho rolovant art, a cell for 
producl.cn of a recombinant polypeptide is selected on the basis of several 
parameters including the genetic constructs used to express the polypeptide under 
,0 cons.derat.on. as well as the stab.l.ty and activity of sa.d polypeptide. It will also be 
known to those skilled in the art that the stab.l.ty or activity of a recombinant 
Polypeptide may be determined, at least in part, by post-translational modifications to 
tun nolypept.de such as. for example, glycosylate, acylation or alkylation reactions, 
- - qsi others wh.ch may vary between cell l.nes used to produt o the recombinant 
25 polypeptide? 

Accordinaiv. i« a more part.cularly preferred embodiment, the present .nvention 
. a -ecoa bmant polypeptide or a derivative, homologue or analogue thereof 
»s resent ,n a vims particle, or as produced in prokaryolic or eukaryot.c. host cell, or 

30 >.r :•: vlois or ceil culture thereof. 
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• : • .c H . esem invention also extends to a recombinant polypeptide according to any of 
the foregoing embodiments which is produced in a bacterial cell belonging to the 
genus Lawsonia, in particular a cell of L. intracellulans. or a culture thereof 

5 The term "isolated polypeptide" refers to a polypeptide of the present invention which 
has been purified to some extent, preferably to at least about 20% by weight of 
proto n, preferably to at least about 50% by weight of protein, more preferably to at 
U-«st about 60% by weight of protein, still more preferably to at least about 70% by 
. o* protein and even more preferably to at least about 30% Dy weight of protein 
K .;.« «y.**ri\ from as natural source or. in the case of non-naturally-occurring 
po'vr-ordc-s fro-n the cuiture medium or cellular environment in which it was 
produced. Such isolation may be performed to improve the immunogenicity of the 
" 1 " "* " r '- : P r «sent invention, or to improve the specificity of the immune 
r --sparse against that polypeptide, or to remove toxic or undesirable contaminants 
15 taofsffcm The necessary or required degree of purity of an isolated polypeptide will 
vary depending upon the purpose for which the polypeptide is intended, and for many 
aprii.r.alion* ;1 v/.'i sufficient for the polypeptide preparation to contain no 
contaminants which would reduce the immunogenicity of the polypeptide when 
administered to a host animal, in particular a porcine or avian animal being immunized 
20 against PPE or, alternatively, which would inhibit immuno-specific binding in an 
immunoassay for the diagnosis of PPE or a causative agent thereof 

•V runty of an isolated polypeptide of the present invention may be determined by 
o .y r».^r.s known to those skilled in the art, including the degree of homogeneity of 
25 ;j :. ;.^,r. preparation as assessed by SDS/polyacrylamide gel electrophoresis, 2- 
dimensional electrophoresis, or amino acid composition analysis or sequence 



refftrably, the polypeptide of the present invention will be substantially homogeneous 
r substantially free of nonspecific proteins, as assessed by SDS/polyacrylamide gel 
lectrophores.b, 2- dimensional electrophoresis, or amino acid composition analysis 
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or sequence analysis 

The polypeptide of the present invention can be purified for use as a component of a 
vaccine composition by any one or a combination of methods known to those of 
S ordinary skill in the art. including, for example, reverse phase chromatography, HPLC, 
ion-exchange chromatography, and affin.ty chromatography, among others 

; .-. p.efe-red embodiment, the tsolated or recombinant polypeptide of the invention 
f.jncMons as a flagellar hook protein in a bacterium such as. for example. L. 
10 ftV^vs, or .s derived from a flagellar hook protein or. alternatively, is 
.mmunologically cross-reactive with the L. intracellular* flagellar hock protein. FlgE. 
of the prase"* invention 

in a particularly preferred embodiment, the isolated or recombinant polypeptide of the 
1 5 mvenbon .s derived from Lawsorva spp. or other pathogenic agent associated with the 
onset and/or development of PPE and more preferably, the subject polypeptide is 

derived from Laivscn/o tntracelJularis 



A B-cell or T-cell epitope of a FlgE polypeptide or a derivative, homotogue or analogue 
l; Cr A 0 f may comprise any combination of the following* 

U) the primary amino acid sequence of a FlgE polypeptide, known in the art 

as a continuous non-conformational epitope; 
(ii) the secondary structure which a FlgE polypeptide adopts, Known in the 

rfit a continuous conformational epitope, 
.in, the tertiary structure which a FlgE polypeptide adopts in contact with 

another region of the same polypeptide molecule, known in the art as a 

discontinuous conformational epitope; or 
■••v} iha quaternary structure which a FlgE polypeptide adopts in contact with 

a region of another polypeptide molecule, known in the art as a 
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discontinuous conformational epitope. 

Accordingly, immunogenic polypeptides or derivatives, homologues or analogues 
thereof comprising the same, or substantially the same primary amino acid sequence 
5 are hereinafter defined as "immunogens which comprise a 8-cell or T-ceil epitope" or 
si.mil.-gr term 

immunogenic polypeptides or derivatives, homologues, or analogues thereof 
sc-:pns.ng different primary amino acid sequences may comprise immunologically 
10 ider-r^! .-nvnunogens, because they possess conformational B-cell or T-cell epitopes 
that are recognised by the immune system of a host species to be identical. Such 
■ 'V : polypeptides or derivatives, homologues or analogues thereof are 
,, «*.'-.-f-afier defined as "immunogens which mimic or cross-react with a B-cell or T-cell 
epitooe". or similar term. 

5 

According^, the present invention extends to an immunogen which comprises, mimics, 
or cross-reacts with a B-cell or T-cell epitope of an isolated or recombinant 
polypeptide according to any one of the foregoing embodiments or a derivative, 
he^alcgue cr analogue thereof. In a particularly preferred embodiment, the present 
0 invention provides an immunogen which comprises, mimics, or cress-reacts with a B- 
or T-cell epitope of an isolated or recombinant polypeptide which in its native form 
•s obtainable from a species of Lawsonia such as, but not limited *o L. intraceffufaris 
-nr? tfv.zh polypeptide preferably functions as a flagellar hook protein. 

5 Preferably, such immunogenic polypeptides will not comprise a primary amino acid 
- ^ which is highly-conserved between L. mtracellularis and another non- 

-genic microorganism which is normally resident in the gut or other organ of an 
animal m particular a porcine or avian animal. The significance of this exclusion to 
those embodiments of the invention wherein specificity is essential to performance (eg 

> vt2. -.inc nr.- diagnostic applications) will be apparent to those skilled in the art. 
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In ih.s regard, the present inventors have shown that the N-terminal amino acid 
sequence of the FlgF. oolypeptide derived from L intracellularis and the 5'-region of 
the corresponding ffgE gene are less highly conserved among homologous genes and 
polypeptides derived from other species, compared to the C-terminal region of the L. 
f> tntraceUutens F'gE polypeptide and the 3 '-region of the fJgE gene. Accordingly, the N- 
;r. f -.v:,v3l region of the FlgE polypeptide is a particularly preferred immunogen for use 
5p vaccination protocols and as diagnostic reagents in respect of L. intracellularis. 

s-m sy, the 5'-end of the /7g£ gene is particularly preferred for u-.e as a diagnostic 
roaci^nt for L intracellularis. 

10 

To improve the immunogenicity of a subject polypeptide of the present invention one 
„ . „ w acids not corresponding to the original protein sequence can be added 

to rho amino or carboxyl terminus of the polypeptide. Such extra amino acids are 
use. u! for coupling the polypeptide to another peptide or polypeptide, to a large carrier 

1 5 protein or to a solid support Amino acids that are useful for these purposes include 
bui ore r.c' -.mucd to iyiosme. iysme, glutamic acid, aspartic acid, cysteine and 
derivatives thereof Additional protein modification techniques can be used such as, 
e.g., NH 2 -acetyiation or COOH-terminal amidation. to provide additional means for 
coupling the polypeotide to another polyDeptide. protein, or peptide molecule, or to a 

20 ro'-d support. Procedures for coupling polypeptides to each other, or to carrier 
r. -. -^tns or solid supports, are well known in the art Polypeptides containing the 
-■ <- mentioned extra amino acid residues at either the carboxyl- or amino-termini 
ar ... e > ne r uncoupled or coupled to a carrier or solid support, are consequently within 
the scope of the present invention. 

25 

F ..n-u-rrnoro, the polypeptide can be immobilised to a polymeric carrier or support 

t ; iot or* 



In an alternative u-u^odirncnt, the immunogematy of a polypeptide of the present 
30 invention may be improved using molecular biology techniques to produce a fusion 
protein containing one or more polypeptides of the present invention fused to a carrier 
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molecules such 3S a highly immunogenic protein. For example, a fusion protein 
containing a polypeptide of the present invention fused to the highly immunogenic B 
subunit of cholera toxin can be used to increase the immune response to the 
Polypeptide The present invention also contemplates fusion.proieins comprising a 
i c,«i xme. such as an interleukin. fused to the subject polypeptide of the present 
\'- nt!on. and gones encoding same 

r-* *sh.v the polypeptide of the present invention, or a derivative, homologue or 
*w -uue thereof, when administered to a mammal, induces an immune response in 

10 said mammal. More preferably, the polypeptide of the present invention, when 
.-.r:.^ -o a mammal, in particular a porcine animal (e.g., a pig) induces a 
r---.-Tt«-/e immune response against Lawsonia spp., and preferably against L. 
mtraoellulahs. therein. As used herein, the phrase "induction of a protective immune 
response" and the like, refers to the ability of the administered polypeptide of the 

1 5 presnnt invention to prevent or detectably slow the onset, development, or progression 
of symptoms associated with Lawsonia infection, and preferably, to prevent or 
detectably slow the onset, development, or progression of symptoms associated with 
*'f"fc in f>;gs 

20 : — drably,- the immunogenic polypeptide of the invention compnses an amino acid 
wy» which is substantially the same as the amino acid sequence set forth in SEQ 
!D NO.i or ;s 3 t least about 60% identical overall to SEQ ID NO:l, or is at least about 
75% identical to at least 8 contiguous ammo acids of SEQ ID NO 1 In a preferred 
embodiment t h P immunogenic polypeptide of the present invention consists 
- • • of the amino acid sequence of SEQ ID NO: 1 or the amino acid sequence 
e '' :noed b ^ ,ne W -encoding nucleotide sequence present in pALK11 (ATCC 

For the purposes ol nomenclature, the amino acid sequence set forth <n SEQ ID NO.1 
0 represents the ammo acid sequence of the FlgE polypeptide encoded by the Lawsonia 
mtrecellularis tfoFgene. The nucleotide sequence of the L. intracellulars ffgE gene 
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is set forth - «LQ ;0 NO.2. 



Preferably .he percentage am.no acid sequence identity to SEQ .0 NO:1 is at least 
about 70%. more preferably at least about 80%. even more preferably at least about 
Co-* and st'll ever more preferably at least about 95% 



-Mnmg Aether or not two amino acid sequences fail within these percentage 
„n„ s .hose 'dulled in the art will be aware that it is necessary to conduct a side-by- 
s.de companson or multiple alignment of sequences Ir. such comparisons or 
10 Blinrvrwn* dances w.ll ar.se in the pos.t.on.ng of non-ident.cal residues. 
r~.v-rd.nj uoor the algonthm used to perform the alignment In the present context, 
,^. rP to a percentage sequence identity or similarity between two or more amino 
a-M sequences shall be taken to refer to the number of .dent.cal and s,rni.ar residues 
respect.ve-.y oenveen sa.d sequences as determined using any standard algorithm 
1< known to those skilled in the art For example, amino acid sequence identities or 
s .m.lanties may be calculated using the GAP programme of the Computer Genet.cs 
Grou, inc. University Research Park. Madison. Wiscons-n. United States of America 
nr-^rcaux et a/. 1984). The GAP programme utilizes the algorithm of Needleman 
~\ : Wunsch (1970) to max.rn.se the numbe, of idenl.cal/sim.lar residues and to 
,0 =.:. -m.se the number and/or length of sequence gaps in the alignment. Alternatively 
or •• : «fei*.vr where more than two amino ac.d sequences are be.ng compared, the 
C»ii«-t v W programme of Thompson ef a/ (1994) can be used. 

iavo embodiment, the present invention provides an isolated or 
, : ■r-.b.nan. immunogenic polypept.de which comprises, mimics or cross-reacts with 
a B cell or ) -cell epitope of the FlgE polypeptide derived from Lawsonia spp. wherein 
said isolated or recomb.nant immunogenic polypeptide comprises an amino acid 
sequence which comprises at least 5 contiguous amino acid residues of SEQ ID N01 
or o homoiocue, analogue or derivative thereof. 

30 

P.oforaWy. the isolated or recomb.nant immunogenic polypeptide of the invention 
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comprises at least about 10 contiguous amino acids derived from SEQ ID NO:1, more 
preferably at | east about 20 contiguous amino acid residues derived from SEQ ID 
NO 1 . even more preferably at least about 30 contiguous amino acid residues derived 
from SEQ ID NO.1 and still even more preferably at least about 40 contiguous amino 
'i residues derived from SEQ ID NO:1. 

{->.., present invention further encompasses homologues, analogues and derivatives 
cf a posy peptide comprising the amino acid sequence set forth in SEQ ID NO:1. 



of a polypeptide are those polypeptides which contain amino acid 
ss-.t£:«tutions l deletions and/or additions relative to the polypeptide without altering one 
or more of its properties, such as its immunogenicity, biological activity or catalytic 
H activity In such molecules, amino acids can be replaced by other amino acids having 
3 simitar proposes such as, for example, hydrophobicity, hydrophihcity, hydrophobic 
^ 15 moment, antigenicity, propensity to form or break a -helical structures of p-sheet 
structures, and so on 



M= s, . -^«:ut»onal variants are those in which at least one residue in the sequence has 
r removed and a different residue inserted in its place. Amino acid substitutions 
0 20 ore i.c.cally of single residues, but may be clustered depending upon functional 
constraints placed upon the polypeptide; insertions will usually be of the order of about 
1-10 amino acid residues and deletions will range from about 1-20 residues. 
Preferably, amino acid substitutions will comprise conservative amino acid 
. ... . is. s-.;ch as those described supra, 

Inse^ionai amine acid sequence variants are those in which one or more amino acid 
residues are introduced into a predetermined site in the protein. Insertions can 
comonse -jr ^o ^. -i.n.ai and/or carboxyl terminal fusions as well as intra-sequence 
iribctions of single or multiple amino acids. Generally, insertions within the amino 
30 acid sequence will be smaller than amino or carboxyl terminal fusions, of the order of 
abo'ji 1 to A residues. 



Deieiionai variants are characterised by the removal of one or more amino acids 
the sequence 



pn acid variants of the polypeptide of the present invention may readily be made 
peeticie synthetic techniques well known in the art, such as solid phase peptide 
c^s^s and the like, or by recombinant DNA manipulations. The manipulation of 
D^r jr-juences to produce variant proteins which manifest as substitutional, 
insertional or deletional variants are well known in the art For example, techniques 
frsr . ^ - jh^^tu-on mutations at predetermined sites in DNA having known 
$oqL-cr,cc arc- well known to those skilled in the art, such as by M13 mutagenesis or 
o:h"ir site- directed mutagenesis protocol. 

"Analogues" are defined as peptides, oligopeptides and polypeptides which are 
functionally equivalent to the peptides of the present invention but which contain 
certain non-naturally occurring or modified amino acid residues as will be known to 
rhc-e skulcsd in the an Accordingly, an "analogue" as defined herein need not 
■-. •;- st= an arntr:o acid sequence which is similar to the amino acid sequence set 
- ■ such as, for example, peptides, oligopeptides and polypeptides which are 

~H from computational predictions or empincal data revealing the secondary. 
0 !y- • • -v ox quaternary structure of the polypeptide of the present invention, and which 
ih., . - . ..,<• jic, not comprise the same primary amino acid sequence of said polypeptide, 
yet nevertheless mimic or cross-react with B-ceii or T-cell epitope of Lawsonia spp. 
- - .,o v. mimic or cross-react with B-cel! or 1 -cell epitope of Lawsonia 

5 

For example, mimotopes (polypeptide analogues that cross-react with a B- cell or T-cell 
epitope of tht: '-anions polypeptide of the invention but, however, comprise a different 
amino acid sequence to said epitope) may be identified by screening random amino 
ac ; d sequences in peptide libraries with antibodies that bind to a desired T-cell or B- 
0 CO'! coil ope As with techniques for the identification of B-cell or T-ceU epitopes as 
- - -ood supra, the antibodies used to identify such mimotopes may be polyclonal 
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or monoclonal or recombinant antibodies, in crude or purified form. Mimotopes of a T- 
cr;!; epitope m^y then be assayed further for their ability to stimulate T-cell cytotoxic 
of proliferative responses tn vitro Mimotopes are particularly useful as analogues of 
— * ' poer (. o conformational) epitopes of the polypeptide of the present invention. 
S c.r rv :j%e conformational epitopes are generally formed from non-contiguous regions 
,r .n po< /p ^pJicte and *he mimotopes provide immunogenic equivalents thereof in the 
form or a single peptide molecule. 

. .. . the use of polypeptide analogues can result in polypeptides with 

0 tc ^a-ed immunogenic and/or antigenic activity, that are less sensitive to enzymatic 
degradation, and which are more selective A suitable proline analogue is 2- 
aminocyclopentane carboxylic acid (pAC*c) which has been shown to increase the 
immunogenic activity of a native polypeptide more than 20 times (Mierke et a/, 1990; 
Ponoghese et af. 1990; Goodman et a/, 1987). 

5 

'P*-- stives' of a polypeptide described herein are those peptides, oligopeptides and 
.--■'-\v-«*ji ; r<es which comprise at least about five contiguous amino acid residues of the 
j ar.-rt sz-ouence set forth in SEQ ID NO:1. A "derivative"* may further comprise 
r»rcl -»alurally-occurring. altered glycosylated, acylated or non-naturally occurring 
0 h : • • ckJ Purdues compared to the amino acid sequence set forth in SEQ ID NO:1 . 
Alternatively or in addition, a derivative may comprise one or more non-amino acid 
suhc* s n"^*«: - 0? f or example, a reporter molecule or other ligand, covalently or 
r-'-r'-covaiently Dound to the amino acid sequence such as, for example, a reporter 
r- r.:~Tj!e which is bound thereto to facilitate its detection. 

5 

Other examples of recombinant or synthetic mutants and derivatives of the peptide 
immunogens of the present invention include those incorporating single or multiple 
supsii'uttons. deletions and/or additions therein, such as carbohydrates, lipids and/or 
prrrfomp rr polypeptides Naturally occurring or altered glycosylated or acylated forms 
:^.,cjject peptides are particularly contemplated by the present invention. 
■ L'. rv.i v nomopolymers or heteropolymers comprising one or more copies of the 
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subject peptide listed in SEQ ID N0 1, or one or more derivatives, homologues or 
analogues thereof, are within the scope of the invention. 

p - -ahiv homologues, analogues and derivatives of the polypeptide of the invention 
. i • rr\ -noqonic". defined hereinafter as the ability of said polypeptide, or a 
jt-ve homologue or analogue thereof, to elicit B cell and/or T cell responses in 
the host, in response to immunization. 

u,.; rre:J nomoiogues, analogues and derivatives of the amino acid sequence set 
io frith in SEQ ID NCM include those amino acid variants that function as B cell or T cell 
epitopes of said amino acid sequence which are capable of mediating an immune 
response such as. for example, mimotopes of the immunogenic polypeptide described 
herein which have been produced by synthetic means, such as by Fmoc chemistry. 
The only requirement of such molecules is that they cross-react immunologically with 
1 5 h propeptide wtveh comprises the amino acid sequence set forth in SFQ ID NO.1 or 
a 'J:-rwat;ve thereat winch comprises at least 5 contiguous amino acids in length of 
-! -\ ID M"V1 

1 - apparent to those skilled in the art, such homologues, analogues and 
20 oc s the polypeptide of the invention molecules will be useful to prepare 

antibodies that cross-react with antibodies against said poiypeotide and/or to elicit a 
.cs ;esponse of similar specificity to that elicited by said polypeptide. 
S,,-n molecules will also be useful in diagnostic and other applications that are 
immunological in nature such as for example, diagnostics which utilise one or more 
25 immunoassay formats (eg ELISA, R!A and the like). 

Accordingly, the immunogen of the present invention or a derivative, homologue or 
analogue thereof is useful in vaccine compositions that protect an individual against 
^, on - 0y ; tnrracettuJans and/or as an antigen to elicit polyclonal or monoclonal 
70 - —fcrrdy reduction and/or in the detection of antibodies against L. intracetlufahs in 
t -} r, .r als particularly in porcine and avian animals. 
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7 ; .o orosc?H inventors have also shov/n thai the amino acid sequence set forth in SEQ 
:~ NiO i is particularly unique, as compared to other immunogenic amino acid 

■ -li^r-es, including those of the flagellar hook proteins derived from other bacteria 
Is-vv/ p«ctides. oligopeptides and polypeptides whirJi comprise unique epitope 
r* „•{.).•,:.; t: f SFQ ID NO 1 as described in Figure 1, will have improved specificity 
compared to other regions of the Lawsonia spp FlgE molecule. The particular 
advantages of such peptides will be immediately apparent to those skilled in the 
: .:.: ^:ior, or raceme compositions, where specificity against a pathogen of interest 

an important consideration. 

The unique regions of the / intracellulahs FlgE polypeptide are promising antigenic 
pept'dei for tre Tcrmulation of Lawsonia-specific vaccinas and diagnostics for the 
specific detection of Lawsonia spp. in biological samples. 

A «*»^ond aspect of the present invention provides a vaccine composition for the 
•rn/ters or treatment o1 infection in a mammal or bird by L intraceJfu/ahs or similar 
■ ?.n mia*ed microorganism, said vaccine composition comprising: 

: - ' an i mmunogenic component which comprises an isolated or recombinant 
r, .vneptide hav.ng at least about 60% overall amino acid sequence identity to 
the amino acid sequence set forth in SEQ ID NO:1 and/or comprising at least 
5 7UCU3 ammo acids derived from SEQ ID NO*1 or an immunogenic 

hornologue, analogue or derivative thereof which is immunologically cross- 
reactive with Lawsonia intracellulahs, and 

(ii) one or more carriers, diluents and/or adjuvants suitable for veterinary or 
pharmaceutical use 

As used herein, the term "immunogenic component" refers to a peptide, polypeptide 
or .-i r-'o?^in encoded by DNA from, or derived from, L intraceltularis or a related 
; - : foorgc;nicrm thereto which is capable of inducing a protective immune response in 
.'-Mol. m particular a porcine or avian animal, whether or not said peptide, 
.-i • - -vonoe or protein »s in an isolated or recombinant form Accordingly, the vaccine 
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cc.~.casilior cleany encompasses those vaccine compositions which comprise 
-,w-u 3 i-,d, killed or non-pathogenic isolates or forms of L Mrace/Zu/arfs or related 
^-ooroanisms thereto which compose or express said peptide, polypeptide or 



By "protective immune response" is meant that the immunogenic component elicits an 
; .-onse in the an-mal to which the vaccine composition is administered at 
— rumoral'and/or cellular level which is sufficient to prevent infection by Lawsonia 
mtrscellutans or a related microorganism thereto and/or which is sufficient to 
I o dat^ctab.y reduce one or more symptoms or conditions, or to detectab.y slow the onset 
of one of more symptoms or conditions, associated with infection by Lawson.a 
„,tmcellulanso< a related microorganism thereto in an animal host, as compared to a 
control .nfected animal. The term "effective amount" of an immunogenic component 
.went m the vaccine composition refers to that amount of said immunogenic 
i < '"..., ril onenl that .s capable of inducing a protective immune response after a single 
dcse has been administered, or after several divided doses have been 
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Ke-.aoly, the polypept.de component of the subject vaccine composite compr.ses 
.0 an amino acid sequence which is both immunogenic and specif.c. by v.rtue of its 

,,,,0,03. cross-react,v,ty with the causative agent <tf PPE. Lawson/a 

in^cetMans In th.s regard, it will be apparent from the preceding description that 
such polypeptide components may comprise an amino acd sequence derived from 
SFO ID NO-1 or a homologue analogue or derivative of the amino acid sequence set 
25 forth m SFO ID NO such as. for example, a mimotope of said sequence. 

ihe immunogenic polypept.de or .mmunogenic homologue. analogue or derivative 
(il , v . or. a naturai.y-occurr.ng peptide, oligopeptide or polypeptide in isolated or 
,„-.~mb,r.3m form accord.ng to any of the embodiments described supra or exemplified 
... P p^ferably the .mmunogenic polypeptide or .mmunogenic homologue, 
—.que tr dcnvat.ve «s der.ved from Lawsonia spp.. in particular L. intracellularis or 
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microorganism thai is related thereto 

^- - :rabiv. the immunogenic component has undergone at least one purification step 
o r id^i partia! concentration from a cell culture comprising L intracellulahs or a 

5 related microorganism thereto, or from a lysed preparation of L iniracellularis cells or 
r ^'~' ^ ^~2&vsa\ or from another culture in which the immunogenic component 
- «■ r- nbinantly expressed The purity of such a component which has the requisite 
immunogenic properties is preferably at least about 20% by weight of protein in a 
panicular preparation, more preferably at least about 50%, even more preferably at 

0 loast about 60%. stili more preferably at least about 70% and even more preferably 
at least about 8G% or greater. 

The immunogenic component of the vaccine of the present invention can comprise a 
sirrsie peptide, polypeptide or protein, or a range or combination of different peptides, 
• - peptides or proteins covering different or similar epitopes. In addition or, 
?!«v«?iy f a single oclypeptide can be provided with multiple epitopes. The latter 
\r -e ;3 rsffv-rr-d *o as a polyvalent vaccine. A multiple epitope includes two 
-'-j -^p.tupes located within a peptide or polypeptide molecule 

- r-u - Men of vaccines is generally known tn the art and reference can 
r-- -^nipntty be made to Remington's Pharmaceutical Sciences, 17th ed., Mack 
Publishing Co , Easton Pennsylvania, USA 

A D3nic.iian : / useful form of the vaccine is a recombinant vaccine produced, for 
evampie. in a vaccine vector, such as but not limited to a cell transfected with a 
vaccinia virus vector or a bacterial cell capable of expressing the immunogenic 



: ■rt.-.wi invention clearly extends to recombinant vaccine compositions in which 

, -.ii'«cgcmc component at least is contained within killed vaccine vectors 

l . f.~ exempts by heat formalin or other chemical treatment, electric shock 
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or low pressure forces. According to this embodiment, the immunogenic 
r - -r ^ont of the vaccine is generally synthesized in a live vaccine vector which is 
on^r to administration to an animal. 

5 Furthermore, the vaccine vector expressing the immunogenic component may be non- 
. s .*--..c or attenuated. Within the scope of this embodiment are cells that have 
Deem .transfected with non-pathogenic or attenuated viruses encoding the 
immunogenic component of the vaccine and non-pathogenic or attenuated cells that 
directly express the immunogenic component 

10 

Attenuated or non- pathogenic host cells include those cells which are not harmful to 
an animal to which the subject vaccine is administered. As will be known to those 
skii'ed in the art, "live vaccines" can comprise an attenuated virus vector encoding the 
-vinocenic component or a host cell comprising same, which rs capable of 
-.-•^eating in an animal lo which it is administered, and using host eel! machinery to 
...... :ho ipvnunogemc componant albeit producing no adverse side-effects therein. 

•■' .'?cnP6 vectors may colonise the gut or other organ of the vaccinated animal. 
Such live vaccine vectors are efficacious by virtue of their ability to continually express 
th~ .r«*rv jonir component in the host animal for a time and at a level sufficient to 
-c - « -*-r preteetive immunity against a pathogen which expresses an immunogenic 
Aqu.v^ient of said immunogenic component. The present invention clearly 
encompasses the use of such attenuated or non-pathogenic vectors and live vaccine 
preparations 

25 The vaccine vector may be a virus, bacterial cell or a eukaryotic cell such as an avian, 
v/.rr.ne or other mammalian cell or a yeast eel! or a cell line such as COS, VERO, 
Hl-: 2 rr-ouse CA27. Chinese hamster ovary (CHO). WI-38. baby hamster kidney 
or MDCK cell lines Suitable prokaryotic ceils include Mycobacterium spp., 
'crnntenum spp, Salmonella spp, Escherichia coll, Bacillus spp. and 
-.v«.*Yis spp. amongst others Bacterial strains which are suitable for the 
f -f - - - c u.-pose are well-known in the relevant art (Ausubel ef al, 1987; Sambrook 
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r: 1989) 

S'.-r.n r^;:s and cell lines are capable of expression of a genetic sequence encoding 
a FlgE peptide, polypeptide or protein of the present invention from L intracellufans 
* ^-'^ctivc lo induce a protective immune response in the animal. For 

ex.^mn'e, a non-pathogenic bacterium could be prepared containing a recombinant 
seauence capable of encoding a peptide, polypeptide or protein from L. intracetlufaris. 
The recombinant sequence would be in the form of an expression vector under the 
control of a constitute or inducible promoter. The bacterium would then be permitted 
10 to colonise suitable locations in a pig's gut and would be permitted to grow and 
produce the recombinant peptide, polypeptide or protein in amount sufficient to induce 
a protective immune response against L. intracetlufaris. 

in h Turther alternative embodiment, the vaccine can be a DNA or RNA vaccine 
i r. wrnsfng a DNA or RNA molecule encoding a peptide, polypeptide or protein of the 
pjr-r-ei-* invention v/n:ch is injected into muscular tissue or other suitable tissue in a pig 
unc coridi.ions suffic;ent to permit transient expression of said DNA or RNA to 
produce an amount of peptide, polypeptide or protein effective to induce a protective 
• r *: ?on<* in a preferred embodiment, the DNA vaccine is in the form of a 
?.C r-" ^^;d, in which the DNA is operably connected with a promoter region capable of 
oxpr^^mg the nucleotide sequence encoding the immunogen in cells of the 
immunized animal 

In the production of a recombinant vaccine, except for a DNA vaccine described 
25 herein, it js therefore necessary to express the immunogenic component in a suitable 
vector system, hor the present purpose, the immunogenic component can be 

(\) placing an isolated nucleic acid molecule in an expressible format, said 
tvj-M\c ac:d molecule comprising the coding region of the nucleotide sequence 
10 ser for*h in SFQ ID NO ? or a protein-encoding homologue, analogue or 

aerivative of SEQ ID NO 2 selected from the group consisting of 
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(a) nucleotide sequences that have at least about 60% sequence 
Identity to SEQ ID N0:2; 

(b) nucleotide sequences that hybridise under at least low stringency 
hvh-idiearton preferably under at least moderate stringency conditions, 
and even more preferably under at least high level stringency 
conditions, to the complement of SEQ ID NO:2; and 

(c) nucleotide sequences that encode the amino acid sequence set forth 
in SEQ ID NO:1 or a homologue. analogue or derivative thereof, 
including, for example, a mimotope of the amino acid set forth in SEQ ID 

10 NO:1, 

m mlroducing the isolated nucleic acid molecule of (i) in an expressible 

j!l format into a suitable vaccine vector, and 

|4 incubating or growing the vaccine vector for a time and under conditions 

IJ. sufficient for expression of the immunogenic component encoded by said 

\ - nucleic acid molecule to occur. 

S For the purposes of defining the level of stringency, a low sti mgency .s defined herein 
£ . i-tcuon a id/or a wash carried out in 6xSSC buffer, 0.1% (w/v) SDS 

S ai C A moderate stringency is defined herein as being a hybridisation and/or 
to 20 wash ng earned out in 2xSSC buffer. 0.1% (w/v) SDS at a temperature in the range 
45 -c to 65° C. A high stringency is defined herein as being a hybridisation and/or 
wash carried out in 0 1xSSC Duffer. 0.1% (w/v) SDS at a temperature of at least 65°C. 

Generally, the stringency ts increased by reducing the concentration of SSC buffer, 
25 and/or .ncreasing the concentration of SDS and/or increasing the temperature of the 
hybridisation and/or wash Those skilled in the art will be aware that the conditions 
f v . '-vhrid'sation and/or wash may vary depending upon the nature of the hybridisation 
vane or the type of hybridisation probe used. Conditions for hybridisations and 
. ..„, fe)tJ , ve i| understood by one normally skilled in the art. For the purposes of 
30 ■■■■ •-.■-mon or tne parameters affecting hybridisation between nucleic acid molecules, 
reference is found in pages 2.10.8 to 2.10.16. of Ausubel et al (1987), which is herein 
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incorporated by reference. 

As used herein, a "nucleic acid molecule in an expressible formal* is a protein- 
• - region of a nucieic acid molecule placed in operable connection with a 
> err rioter or other regulatory sequence capable of regulating expression in the vaccine 
vector system 

Reference herein to a ■'promoter" is to be taken in its broadest context and includes 
the transcriptional regulatory sequences of a classical genomic gene, including the 
10 TATA box which is required for accurate transcription initiation, with or without a 
CCAAT box sequence and additional regulatory elements (i.e., upstream activating 
sequences, enhancers and silencers) which alter gene expression in response to 
developmental and/or external stimuli, or in a tissue-specific manner. In the present 
g r.cv^xt, the term "promoter" is also used to describe a recombinant, synthetic or fusion 

15 ^-:^u!? or derivative which confers, activates or enhances the expression of a 
»^ nucleic acid molecule to which it is operably connected, and which encodes the 

;jj immunogenic polypeptide. Preferred promoters can contain additional copies of one 

M= :-: .ore specific regulatory elements to further enhance expression and/or to alter the 

2 *p-ai,fti expression and/or temporal expression of the said nucleic acid molecule. 

'0 20 

Placing a nucleic acid molecule under the regulatory control of i.e.. "in operable 
connection with" a promoter sequence means positioning the said molecule such that 
expression is controlled by the promoter sequence Promoters are generally, but not 
necessarily, positioned 5' (upstream) to the genes that they control In the 

25 construction of heterologous promoter/structural gene combinations it is generally 
oreferred to position the promoter at a distance from the gene transcription start site 
!'»si rs approximately the same as the distance between that promoter and the gene 
r carols in its natural setting, i e., the gene from which the promoter is derived, 
f- u: - ermore. the regulatory elements comprising a promoter are usually positioned 

30 within 2 kb of the start site of transcription of the gene As is known in the art, some 
vs ,., ,..„., . ?: . 3tance ^ 5e accommodated without loss of promoter function. 
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Similarly, the preferred positioning of a regulatory sequence element with respect to 
a heterologous gene to be placed under its control is defined by the positioning of the 
element in its natural setting, i.e.. the genes from *rhich it is derived. Again, as is 
known in the art. some variation in this distance can also occur. 

5 

jne prerequisite for producing intact polypeptides in bacteria such as £ con is the use 
of a strong promoter with an effective ribosome binding site. Typical promoters 
suitable for expression in bacterial cells such as £ coti include, but are not limited to. 
the /acz promoter, temperature-sensitive K °r K promoters. T7 promoter or the IPTG- 

10 inducible tac promoter. A number of other vector systems for expressing the nucleic 
acid molecule of the invention in £ coli are well-known in the art and are described, 
for example, in Ausubel ef at (1987) or Sambrook ef al (1989). Numerous plasmids 
with suitable promoter sequences for expression in bacteria and efficient ribosome 
binding sites have been described, such as for example. pKC30 (A^: Shimatake and 

15 Rosenberg. 1981). pKK173-3 (tec Amann and Brosius. 1985). pET-3 <T7: Studier and 
Moffat. 1986). the pFLEX series of expression vectors (Pfizer Inc.. CT. USA) or the 
pQE series of expression vectors (Qiagen, CA). amongst others. Typical promoters 
suitable for expression in viruses of eukaryotic cells and eukaryotic cells include the 
SV40 late promoter, SV40 early promoter and cytomegalovirus (CMV) promoter. CMV 

20 IE (cytomegalovirus immediate early) promoter amongst others. 

Means for introducing the isolated nucleic acid molecule or a genetic construct 
comprising same into a cell for expression of the immunogenic component of the 
vaccine composition are well-known to those skilled in the art. The technique used for 

25 a given organism depends on the known successful techniques. Means for 
introducing recombinant DNA into animal cells include microinjection, transfection 
mediated by DEAE-dextran. transfection mediated by liposomes such as by using 
lipofectamine (Gibco. MD, USA) and/or cellfectin (Gibco. MD. USA). PEG-mediated 
DNA uptake, electroporatlon and micropartlde bombardment such as by using DNA- 

30 coated tungsten or gold particles (Agracetus Inc.. Wl. USA) amongst others. 
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The immunogenic component of a vaccine composition as contemplated herein 
exhibits excellent therapeutic activity, for example, in the treatment and/or prophylaxis 
of PPE when administered in an amount which depends on the particular case. For 
example, for recombinant peptide molecules, from about 0.5 ug to about 20 mg may 
5 be administered, preferably from about 1 pig to about 10 mg, more preferably from 
about 10 m9 to about 5 mg, and most preferably from about 50 mQ to about 1 mg 
equivalent of the immunogenic component in a volume of about 1ml to about 5mL For 
DNA vaccines, a preferred amount is from about 0.1 /*g/ml to about 5 mg/ml in a 
volume of about 1 to about 5 ml. The DNA can be present in "naked" form or it can be 
10 administered together with an agent facilitating cellular uptake (e.g., in liposomes or 
cationic lipids). The important feature is to administer sufficient immunogen to induce 
a protective immune response. The above amounts can be administered as stated or 
UJ calculated per kilogram of body weight Dosage regime can be adjusted to provide the 

J optimum therapeutic response. For example, several divided doses can be 

NJ 15 administered or the dose can be proportionally reduced as indicated by the exigencies 
* of the therapeutic situation. Booster administration may also be required. 

£ The vaccine of the present invention can further comprise one or more additional 

UJ immunomodulatory components such as, for example, an adjuvant or cytokine 

5 _p 20 molecule, amongst others, that is capable of increasing the immune response against 
the immunogenic component. NorHimiting examples of adjuvants that can be used in 
the vaccine of the present invention include the RIBI adjuvant system (Ribi Inc., 
Hamilton, MT, USA), alum, mineral gels such as aluminium hydroxide gel, oil-irnwater 
emulsions, water-in-oil emulsions such as, for example. Block co-polymer (CytRx, 
25 Atlanta GA, USA),QS-21 (Cambridge Biotech Inc., Cambridge MA, USA), SAF-M 
(Chiron, Emeryville CA, USA), AMPHIGEN® adjuvant, Freund's complete adjuvant; 
Freund's incomplete adjuvant; and Saponin, QuilA or other saponin fraction, 
monophosphoryt lipid A, and Avridine lipid-amine adjuvant. Other immunomodulatory 
agents that can be included in the vaccine include, for example, one or more 
30 cytokines, such as interferon and/or interieukin, or other known cytokines. Non-ionic 
surfactants such as, for example, polyoxyethylene oleyl ether and n-hexadecyl 
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polyethylene ether may also be included in the vaccines of the present invention. 

The vaccine composition can be administered in a convenient manner such as by oral, 
intravenous (where water soluble), intramuscular, subcutaneous, intranasal. 
5 intradermal or suppository routes or by implantation (eg., using slow release 
technology). Depending on the route of administration, the immunogenic component 
may be required to be coated in a material to protect it from the action of enzymes, 
acids and other natural conditions which may inactivate it, such as those in the 
digestive tract. 

10 

The vaccine composition may also be administered parenterally or intraperitoneally. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols,.and mixtures 
thereof, or in oils. Under ordinary conditions of storage and use, these preparations 
can contain a preservative to prevent the growth of microorganisms. Alternatively, the 
15 vaccine composite can be stored in lyophilised form to be rehydrated with an 
appropriate vehicle or carrier prior to use. 

Pharmaceutical forms suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous 
20 preparation of sterile injectable solutions or dispersion. In all cases the form must be 
fluid to the extent that easy syringability exists, unless the pharmaceutical form is a 
solid or semi-solid such as when slow release technology is employed. In any event, 
it must be stable under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorganisms. 

25 

The carrier may be a solvent or dispersion medium containing, for example, water, 
ethanol. polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol, 
and the like), suitable mixtures thereof and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the maintenance 
30 of the required particle size in the case of dispersion and by the use of surfactants. 
The prevention of the action of microorganisms can be brought about by various 
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antibacterial and antifungal agents such as. for example., parabens, chlorobutanol, 
phenol, sorbic acid, thimerosal and the like. In many cases, it will be preferable to 
include isotonic agents such as t for example,, sugars or sodium chloride. Prolonged 
absorption of the injectable compositions can be brought about by the use in the 
5 compositions of agents delaying absorption such as, for example,, aluminum 
monostearate and gelatin. 



Sterile injectable solutions are prepared by incorporating the active compound in the 
required amount in the appropriate solvent with various of the other ingredients 
10 enumerated above, as required, followed by filter-sterilization. Generally, dispersions 
gs are prepared by incorporating the sterilized active ingredient into a sterile vehicle 

!~? which contains the basic dispersion medium and the required other ingredients 

UJ selected from those enumerated above. In the case of sterile powders for the 

Lil 

2 preparation of sterile injectable solutions, the preferred methods of preparation are 

M 15 vacuum drying and the freeze-drying technique which yield a powder of the active 

7* ingredient plus any additional desired ingredient from previously sterile-filtered 

^ solution thereof 

Ut 

^ The present invention extends to vaccine compositions which confer protection against 

hD 20 infection by one or more isolates or sub-types of L. intracellularis including those that 
belong to the same serovar or serogroup as Lawsonta intraceUularis. The vaccine 
composition preferably also confers protection against infection by other species of the 
genus Lawsonta or other microorganisms related thereto; as determined at the 
nucleotide, biochemical, structural, physiological and/or immunointeractive level; the 
25 only requirement being that said other species or other microorganism expresses a 
polypeptide which is immunologically cross-reactive to the polypeptide of the invention 
described herein. For example, such related microorganisms may comprise genomic 
DNA which is at least about 70% identical overall to the genomic DNA of Lawsonta 
intraceUularis as determined using standard genomic DNA hybridisation and analysis 
30 techniques. 
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The terms "serogroup" and "serovar" relate to a classification of microorganisms which 
is based upon serological typing data, in particular data obtained using agglutination 
assays such as the microscopic agglutination test (MAT). Those skilled in the art will 
be aware that serovar and serogroup antigens are a mosaic on the cell surface and, 
5 as a consequence there will be no strict delineation between bacteria belonging to a 
serovar and/or serogroup. Moreover, organisms which belong to different species may 
be classified into the same serovar or serogroup because they are indistinguishable 
by antigenic determination. As used herein, the term "serovar" means one or more 
Lawsonia strains which are antigenically-identical with respect to antigenic 
10 determinants produced by one or more loci. Quantitatively, serovars may be 
jjt differentiated from one another by cross-agglutination absorption techniques. As used 

H herein, the term "serogroup" refers to a group of Lawsonia spp. whose members cross- 

W agglutinate with shared group antigens and do not cross-agglutinate with the members 

■2 of other groups and, as a consequence, the members of a serogroup have more or 

^ 15 less close antigenic relations with one another by simple cross-agglutination. 

;=j The present invention thus clearly extends to vaccine compositions for the treatment 

js* and/or prophylaxis of animals, in particular, vaccine compositions for the treatment 

and/or prophylaxis of porcine and/or avian species, against any bacterium belonging 

" : s=? 

0 20 to the same serovar or serogroup as Lawsonia intracetiularis. Preferably, such 
organisms will express a polypeptide having an amino acid sequence identity of at 
least about 60% overall with respect to SEQ ID NO:1. 

The present invention extends further to vaccine compositions capable of conferring 
25 protection against a "genetic variant" of Lawsonia intraceflularis, the only requirement 
being that said variant expresses a polypeptide having an overall amino acid 
sequence identity of at least about 60% with respect to SEQ ID NO:1 and/or comprises 
at least about 5 contiguous amino acid residues derived from SEQ ID NO:1 or a 
homologue, analogue or derivative thereof which is immunologically cross-reactive 
30 thereto. Genetic variants of L. intracelJuiaris can be developed by mutation, 
recombination, conjugation or transformation of L. intracellulars or may occur 
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naturally. It will be known to a person skilled in the art how to produce such 
derivatives. 



In a particularly preferred embodiment, the vaccine composition of the invention is 
5 intended for or suitable for the prophylaxis and/or treatment of infection in a porcine 
or avian animal and more preferably, for prophylaxis and/or treatment of a porcine 
animal for infection by L. intraceHularis. 

In a particularly preferred embodiment, the vaccine composition of the invention is 
10 intended for or suitable for the prophylaxis and/or treatment of infection in a porcine 
up or avian animal and more preferably, for prophylaxis and/or treatment of a porcine 

^ animal for infection by L. intracellularis. 

«»y 

J Accordingly, the present invention clearly extends to the use of the immunogenic 

'M 1 5 polypeptide of the invention according to any one of the preceding embodiments or as 
„ exemplified herein in the preparation of a medicament for the treatment and/or 

Q prophylaxis of PPE in animals, particularly porcine or avian animals. 

y i 

[*j The invention further extends to a method of treatment and/or prophylaxis of PPE In 

gn 20 an animal such as an avian or porcine animal, said method comprising administering 
the vaccine composition or the immunogenic polypeptide of the invention as described 
or exemplified herein to said animal for a time and under conditions sufficient for an 
immune response to occur thereto. Preferably, in the case of administration of a 
vaccine composition, the immune response to the immunogen is a protective immune 
25 response. 



Those skilled in the art will recognise the general applicability of the invention in 
vaccinating animals other than porcine and avian animals against L. intraceflutaris 
and/or related microorganisms. In the general application of the vaccine of the present 
30 invention, the only prerequisite is that the animal on which protection is conferred is 
capable of being infected with Lawsonia intracelluiaris and/or a related microorganism 
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thereto and that, in the case of a related microorganism to L. intracellularis, said 
related microorganism expresses a B-cell or T-eell epitope which mimics or cross- 
reacts with the polypeptide component of the vaccine composition described herein. 
Animals which may be protected by the vaccine of the present invention include, but 
5 are not limited to. humans, primates, companion animals (e.g.. cats, dogs), livestock 
animals (e.g.. pigs, sheep, cattle, horses, donkeys, goats), laboratory test animals 
(e.g., mice, rats, guinea pigs, rabbits) and captive wild animals (e.g., kangaroos, foxes, 
deer). The present invention also extends to the vaccination of birds such as poultry 
birds, game birds and caged birds. 

10 

The present invention further extends to combination vaccines comprising an effective 
amount of a first immunogenic component comprising the polypeptide of the present 
invention combined with an effective amount of a second immunogenic component 
comprising one or more other antigens capable of protecting a porcine animal, or bird. 

15 against either Lawsonia spp. or another pathogen that infects and causes disease in 
said animal. In a preferred embodiment, the second immunogenic component is 
selected from the group consisting of the L. intracellularis autolysin, hemolysin, OmpH, 
and SodC polypeptides and homologues, analogues or derivatives thereof, in 
particular immunogenic variants or derivatives thereof, and nucleic acid molecules 

20 encoding same. 

The isolated or recombinant FlgE polypeptide of the invention or an immunologically- 
equivalent homologue, analogue or derivative thereof is also useful for the preparation 
of immunologically interactive molecules which are useful in the diagnosis of infection 
25 of an animal by Lawsonia spp., in particular by L. intracellularis or a related organism 
thereto. 



As used herein, the term "immunologically interactive molecule" includes antibodies 
and antibody derivatives and functional equivalents, such as a Fab, or a SCAB (single- 
30 chain antibody), any of which optionally can be conjugated to an enzyme, radioactive 
or fluorescent tag, amongst others. The only requirement of such immunologically 
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interactive molecules is that they are capable of binding specifically to the 
immunogenic polypeptide of the present invention as hereinbefore described. 



m 



Accordingly, a further aspect of the invention extends to an immunologically interactive 
5 molecule which is capable of binding to any one or more of the following: 

(i) a peptide, oligopeptide or polypeptide which comprises an amino acid 
sequence which has at least about 60% overall sequence identity to the amino 
acid sequence set forth in SEQ ID NO:1; 

(ii) a peptide comprising at least 5 contiguous amino acid residues derived 
10 from SEQ ID NO:1 ; or 

(iii) a homologue, analogue or derivative of (i) or (ii) which mimics a B-cell 
or T-cell epitope thereof. 



UJ 

,n 
=■ 

M- 

UJ 

□ 

u 
UJ 



In a preferred embodiment, the immunologically interactive molecule is an antibody 
15 that binds specifically to a polypeptide consisting of the amino acid of SEQ ID NO;1. 

Conventional methods can be used to prepare the immunologically interactive 
molecules. For example, by using a polypeptide of the present invention, polyclonal 
antisera or monoclonal antibodies can be made using standard methods. For example, 

20 a mammal, (e.g., a mouse, hamster, or rabbit) can be immunized with an Immunogenic 
form of the polypeptide of the present invention which elicits an antibody response in 
the mammal. Techniques for conferring immunogenicity on a polypeptide include 
conjugation to carriers, or other techniques well known in the art For example, the 
polypeptide can be administered in the presence of adjuvant or can be coupled to a 

25 carrier molecule, as known in the art, that enhances the immunogenicity of the 
polypeptide. The progress of immunization can be monitored by detection of antibody 
titres in plasma or serum. Standard EL ISA or other immunoassay can be used with 
the immunogen as antigen to assess the levels of antibodies. Following immunization, 
antisera can be obtained and, for example, IgG molecules corresponding to the 

30 polyclonal antibodies can be isolated from the antisera. 
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To produce monoclonal antibodies, antibody producing cells (lymphocytes) can be 
harvested from an animal immunised with a peptide of the present invention and fused 
with myeloma cells by standard somatic cell fusion procedures, thus immortalizing 
these cells and yielding hybridoma cells. Such techniques are well known in the art. 

5 for example, the hybridoma technique originally developed by Kohler and Milstein 
(1975). as well as other techniques such as the human B-cell hybridoma technique 
(Kozbor et a/.. 1983). the EBV-hybridoma technique to produce human monoclonal 
antibodies (Cole era/., 1985). and screening of combinatorial antibody libraries (Huse 
et a/. 1989). Hybridoma cells can be isolated and screened immunochemicaUy for 

10 production of antibodies that are specifically reactive with the polypeptide and 
monoclonal antibodies isolated therefrom. 

As with all immunogenic compositions for eliciting antibodies, the immunogenically 
effective amounts of the peptides of the invention must be determined empirically. 

IS Factors to be considered include the immunogenic^ of the native peptide, whether 
or not the peptide will be complexed with or covalently attached to an adjuvant or 
carrier protein or other carrier, the route of administration for the composition, i.e.. 
intravenous, intramuscular, subcutaneous, efc, and the number of immunizing doses 
to be administered. Such factors are known in the vaccine art and H is well within the 

20 skill of immunologists to make such determinations without undue experimentation. 

The term -antibody- as used herein, is intended to include fragments thereof which are 
also specifically reactive with a peptide that mimics or cross-reacts with a B-cell orT- 
cell epitope of the Lawsonia intracellularis FlgE polypeptide set forth in SEQ ID NO:1. 
25 Antibodies can be fragmented using conventional techniques and the fragments 
screened for utility in the same manner as described above for whole antibodies. For 
example. F(ab)2 fragments can be generated by treating antibody with pepsin. The 
resulting F(ab')2 fragment can be treated to reduce disulfide bridges to produce Fab' 
fragments. 

30 

It is within the scope of this invention to include any secondary antibodies 
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(monoclonal, polyclonal or fragments of antibodies), including anti-idiotypic antibodies, 
directed to the first mentioned antibodies discussed above. Both the first and second 
antibodies can be used in detection assays or a first antibody can be used with a 
commercially available antiimmunoglobulin antibody. An antibody as contemplated 
5 herein includes any antibody specific to any region of a peptide which mimics, or 
cross-reacts with a B-cell or T-cell epitope of the Lawsonia intracef/u/aris FlgE 
polypeptide set forth in SEQ ID NO:1 as hereinbefore described. 

The antibodies described herein are useful for determining B-cell or T-cell epitopes 
10 of the amino acid sequence set forth in SEQ ID NO;1 such as, for example, by testing 
iji the ability of synthetic peptides to cross-react immunologically with said amino acid 

fl sequence or to elicit the production of antibodies which cross-react with said amino 

W acid sequence. Using methods described herein, polyclonal antibodies, monoclonal 

~q antibodies or chimeric monoclonal antibodies can also be raised to peptides which 

N 15 mimic or cross-react with a B-cell or T-cell epitope of the Lawsonia intracellular FlgE 
polypeptide set forth in SEQ ID NO:1. 



M; More particularly, the polyclonal, monoclonal or chimeric monoclonal antibodies can 

2 be used to detect the peptides of the invention and/or any homologues, analogues or 

HP 20 derivatives thereof, in various biological materials. For example, they can be used in 
an ELISA, radioimmunoassay, or histochemical test In other words, the antibodies 
can be used to test for binding to a polypeptide* of the invention or to a homologue, 
analogue or derivative thereof, in a biological sample to diagnose the presence of 
Lawsonia intracef/u/aris therein. 



Accordingly, a further aspect of the invention provides a method of diagnosing 
infection of an animal by Lawsonia intracelluiaris or a related microorganism thereto, 
said method comprising the steps of contacting a biological sample derived from said 
animal with an immunologically interactive molecule which is capable of binding to a 
30 peptide, oligopeptide or polypeptide comprising the amino acid sequence set forth in 
SEQ ID NO:1 or a homologue, analogue or derivative thereof, for a time and under 
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conditions sufficient for an antigen:antibody complex to form, and detecting said 
complex formation. According to this embodiment of the present invention, the 
immunologically interactive molecule is preferably an antibody molecule prepared 
against the Lawsonia intracellularis FlgE polypeptide set forth in SEQ ID NO:1 or an 
5 analogue or derivative thereof. 

The biological sample is one which might contain a polypeptide having an amino acid 
sequence set forth in SEQ ID NO:1 or a homologue, analogue or derivative thereof, 
in particular a biological sample derived from a porcine or avian host of the pathogen 
10 Lawsonia intracellularis or a related microorganism thereto, and can include any 
appropriate tissue or fluid sample from the animal. Preferred biological samples are 
derived from the ileum, caecum, small intestine, large intestine, whole serum or lymph 
nodes of the porcine or avian host animal being tested. Alternatively or in addition the 
biological test sample may comprise faeces or a rectal swab derived from the animal. 

15 

To distinguish L intracellularis from other microorganisms resident in the gut or other 
organ of an animal, the antibodies should not be prepared against highly-conserved 
epitopes of FlgE such as those regions of at least 5 amino acids in length which are 
conserved between L. intracellularis and a microorganism which is present in the gut 
20 or other organ of an animal in respect of which diagnosis is sought such as. for 
example. E.coli. 

Conventional immunoassays can be used to perform this embodiment of the invention. 
A wide range of immunoassay techniques are available as can be seen by reference 

25 to US Patent Nos. 4.016.043, 4,424,279 and 4.018,653. These, of course, include 
both single-site and two-site or "sandwich" assays of the non-competitive types, as 
well as the traditional competitive binding assays. These assays also include direct 
binding of a labelled antibody to a target. It will be readily apparent to the skilled 
technician how to modify or optimise such assays to perform this embodiment of the 

30 present invention, and all such modifications and optimisations are encompassed by 
the present invention. 
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In one alternative embodiment, the present invention contemplates a method of 
identifying whether or not an animal has suffered from a past infection, or is currently 
infected with Lawsonia intraceilufaris or a related microorganism thereto, said method 
comprising contacting blood or serum derived from said animal with the immunogenic 
5 polypeptide of the invention for a time and under conditions sufficient for an 
antigen.antibody complex to form, and detecting said complex formation. This 
embodiment differs from the embodiment described supra in that it relies upon the 
detection of circulating antibodies against Lawsonia intraceilufaris or related organism 
in the animals blood or serum which are present as a consequence of a past or 

10 present infection by this pathogen. However, it will be apparent to those skilled in the 
art that the principle of the assay format is the same. As with other embodiments of the 
invention referred to supra, conventional immunoassays can be used. Persons skilled 
in the art will readily be capable of varying known immunoassay formats to perform the 
present embodiment. This embodiment of the invention can also utilise derivatives of 

15 blood and serum which comprise immunologically interactive molecules such as, for 
example, partially-purified IgG or IgM fractions and buffy coat samples, amongst 
others. The preparation of such fractions will also be known to those skilled in the art. 

A further aspect of the present invention provides an isolated nucleic acid molecule 
20 which comprises a sequence of nucleotides which encodes, or is complementary to 
a nucleic add molecule which encodes, a peptide, oligopeptide or polypeptide 
selected from the following: 

(i) a peptide, oligopeptide or polypeptide which comprises an amino acid 
sequence having at least about 60% identical overall to the amino acid 

25 sequence set forth in SEQ ID NO:1; 

(ii) a peptide comprising at least 5 contiguous amino acids derived from 
SEQ ID NO;1; or 

(iii) a homologue, analogue or derivative of (i) or (ii) which mimics a B-cell 
or T-cell epitope of Lawsonia spp. 

30 

In a preferred embodiment, the present invention provides an isolated nucleic add 
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molecule comprising a sequence of nucleotides which encodes, or is complementary 
to a nucleic acid molecule which encodes, a polypeptide immunogen which compnses, 
mimics or cross-reacts with a B-cel. or T-cell epitope of the Lawsonia intracellulars 
FIgE polypeptide set forth in SEQ ID NO:1. 

5 m a particularly preferred embodiment, the present invention provides an isolated 
nucleic acid molecule comprising a sequence of nucleotides encoding the L. 
intmcellularis FIgE polypeptide having an amino acid sequence set forth ,n SEQ ID 
NO: 1. 

10 

K is within the scope of the invention to encompass polymeric forms of the 
immunogenic polypeptide described herein, such as aggregates of the amino ac.d 
sequence set forth in SEQ ID N0:1 or a homo.ogue. analogue or derivative thereof or. 
« alternatively, as polypeptides comprising repeats of the amino acid sequence set forth 
in SEQ ID NO:1 or a homologue. analogue or derivative thereof. The present invention 
extends further to nucleic acid molecules encoding such polymeric forms, 
thereof. 

20 Alternatively or in addition, the isolated nucleic add molecule of the invention further 
comprises a sequence of nucleotides which has at least about 60% overall sequence 
identity to the nucleotide sequence set forth in SEQ ID NO:2 or to a complementary 
nucleotide sequence thereof. More preferably, the percentage sequence identity to 
SEQ ID NO 2 or to a complementary nucleotide sequence thereto is at least about 

25 80%. Still more preferably, the percentage sequence identity is at least about 90%. 
Yet still more preferably, the percentage sequence identity Is at least about 95%. 

in a preferred embodiment, the nucleic acid molecule comprises the nucleotide 
sequence set forth In SEQ ID NO:2. or the FlgE-encoding nucleotide sequence 
30 present in P ALK11 (ATCC 207156). or a degenerate variant thereof, and complements 
thereof. 
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In determining whether or not two nucleotide sequences fall within these percentage 
limits, those skilled in the art will be aware that it is necessary to conduct a side-by- 
side comparison or multiple alignment of sequences. In such comparisons or 
alignments, differences may arise in the positioning of non-identical residues, 
5 depending upon the algorithm used to perform the alignment. In the present context, 
reference to a percentage identity between two or more nucleotide sequences shall 
be taken to refer to the number of identical residues between said sequences as 
determined using any standard algorithm known to those skilled in the art. For 
example, nucleotide sequences may be aligned and their identity calculated using the 
10 BESTFIT programme or other appropriate programme of the Computer Genetics 

m Group, Inc., University Research Park, Madison. Wisconsin, United States of America 

® (Devereaux ef a/, 1 984). 

W 

UJ 

S Alternatively or in addition, the isolated nucleic acid molecule of the invention is 

1 5 capable of hybridising under at least low stringency conditions and to the nucleotide 
sequence set forth in SEQ ID NO:2 or to a complementary nucleotide sequence 
□ thereto or to a nucleic acid fragment comprising at least about 20 contiguous 

^ nucleotides in length derived from the sequence set forth in SEQ ID NO:2 or to a 



uQ 20 



complementary nucleotide sequence thereto. 

Preferably, said nucleic acid molecule is capable of hybridising under at least 
moderate stringency conditions, even more preferably under high stringency 
conditions. 



25 For the purposes of defining the level of stringency, a low stringency is defined herein 
as being a hybridisation and/or a wash carried out in 6xSSC buffer, 0.1% (w/v) SDS 
at 28°C. A moderate stringency is defined herein as being a hybridisation and/or 
wash carried out in 2xSSC buffer, 0 1 % (w/v) SDS at a temperature in the range 45° C 
to 65 °C. A high stringency is defined herein as being a hybridisation and/or wash 

30 carried out in O.lxSSC buffer, 0.1% (w/v) SDS at a temperature of at least 65°C. 
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Generally. the stringency is increased by reducing the concentration of SSC buffer, 
and/or increasing the concentration of SDS and/or increasing the temperature of the 
hybridisation and/or wash. Those skilled in the art will be aware that the conditions 
for hybridisation and/or washing may vary depending upon the nature of the 
5 hybridisation membrane or the type of hybridisation probe used. Conditions for 
hybridisations and washes are well understood by one normally skilled in the art For 
the purposes of clarification of the parameters affecting hybridisation between nucle.c 
acid molecules, reference is found in pages 2.10.8 to 2.10.16. of Ausubel et a/. (1 987). 
which is herein incorporated by reference. 

10 The present invention clearly encompasses genetic constructs comprising the subject 
nucleic acid molecule in an expressible format suitable for the preparation of a 
recombinant immunogenic polypeptide of the present invention, such as for use ,n 
recombinant univalent or polyvalent recombinant vaccines. 

15 

In such cases, the nucleic acid molecule will be operably connected to a promoter 
sequence which can thereby regulate expression of said nucleic acid molecule In a 
prokaryotic or eukaryotic cell as described supra. 

20 The genetic construct optionally further comprises a terminator sequence. The term 
"terminator" refers to a DNA sequence at the end of a transcriptional unit which signals 
termination of transcription. A 'terminator- is a nucleotide sequence, generally located 
within the 3'-non-translated region of a gene or mRNA, comprising a polyadenylation 
signal to facilitate the post-transcriptional addition of a polyadenylate sequence to the 

25 3'-end of a primary mRNA transcript Terminator sequences may be isolated from the 
genetic sequences of bacteria, fungi, viruses, animals and/or plants. Terminators 
active in animal cells are known and described in the literature. 

In a preferred embodiment, the genetic construct can be a cloning or expression 
30 vector, as known in the art. such as a plasmid. cosmid. or phage, comprising a nucleic 
acid molecule of the present invention, and host cells transformed or transfected 
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therewith. In a non-limiting embodiment, the vector is plasmid pALK1 1 (ATCC 
Accession No. 207156). 

The genetic constructs of the present invention are particularly useful for producing 
5 the immunogenic component of the vaccine composition described herein or for use 
in a DNA vaccine. 

A range of genetic diagnostic assays to detect infection of an animal by Lawsonia 
intracellularis or a related microorganism can be employed using the nucleic acid 
10 molecule described herein such as, for example, assays based upon the polymerase 

JJj chain reaction (PCR) and nucleic add hybridisation. All such assays are 

|i contemplated in the present invention. 

W 

up Accordingly, a still further aspect of the invention provides a diagnostic method of 

SI 

y ] S detecting Lawsonia intracellularis or related microorganism in a biological sample 

L L derived from an animal subject, said method comprising the steps of hybridising one 
or more probes or primers derived from the nucleotide sequence set forth in SEQ ID 

|^ NO:2 or a complementary nucleotide sequence thereto or a homologue, analogue or 

J derivative thereof, to a DNA or RNA molecule present in said sample and then 

hO 20 detecting said hybridisation using a detection means. 

As used herein, the term "probe" refers to a nucleic add molecule which is derived 
from the nudeotide sequence set forth in SEQ ID NO:2 and which is capable of being 
used in the detection thereof. Probes may comprise DNA (single-stranded or double- 
25 stranded) or RNA (i.e.. riboprobes) or analogues thereof. 

The term "primer" refers to a probe as hereinbefore defined which is further capable 
of being used to amplify a nucleotide sequence from Lawsonia intracellularis or a 
related microorganism thereto in a PCR. 

30 

Preferred probes and primers indude fragments of the nucleotide sequence set forth 



end 1 2- 



5-33 ; 14:31 



# 52/ 82 



48. 



in SEQ ID N0:2 and synthetic single-stranded DNA or RNA molecules of at least 
about 15 nucleotides in length derived from the sequence set forth in SEQ ID NO:2 or 
a complementary nucleotide sequence thereto. 

5 Preferably probes and primers according to this embodiment will comprise at least 
about 20 contiguous nucleotides derived from SEQ ID NO:2 or a complementary 
sequence thereto, even more preferably at ieast about 25 contiguous nucleotides, st.ll 
even more preferably at least about 50 contiguous nucleotides and even more 
preferably at least about 100 nucleotides to about 500 nucleotides derived from the 
10 sequence set forth in SEQ ID NO:2 or a complement thereof. Probes and primers 
comprising the full-length of SEQ ID NO:2 or a complementary nucleotide sequence 
5 thereto are also encompassed by the present invention. 

S For the present purpose, "homologues" of a nucleotide sequence shall be taken to 

5 15 refer to an isolated nucleic acid molecule which encodes a polypeptide that .s 

W functionally equivalent to the polypeptide encoded by the nucleic acid molecule of the 

O present invention or to a polypeptide which is a homologue, analogue or derivafve of 

£ SEQ ID NO:1 , notwithstanding the occurrence within said sequence, of one or more 

E nucleotide substitutions, insertions, deletions, or rearrangements. 
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"Analogues" of a nucleotide sequence set forth herein shall be taken to refer to an 
isolated nucleic add molecule which encodes a functionally-equivalent polypeptide to 
the polypeptide encoded by the nucleic add molecule of the present invention or a 
homologue. analogue or derivative of a polypeptide having the amino acid sequence 
25 of SEQ ID NO:1. notwithstanding the occurrence of any non-nucleotide constituents 
not normally present in said isolated nucleic acid molecule such as. for example, 
carbohydrates, radiochemicals including radio nudeotides. reporter molecules such 
as, but not limited to biotin, DIG. alkaline phosphatase or horseradish peroxidase, 
amongst others. 

30 

"Derivatives" of a nucleotide sequence set forth herein shall be taken to refer to any 
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isolated nucleic acid molecule which contains at least about 50% nucleotide sequence 
identity to 15 or more contiguous nucleotides present in the nucleotide sequence set 
forth in SEQ ID NO:2 or a complementary nucleotide sequence thereto. Generally, the 
nucleotide sequence of the present invention may be subjected to mutagenesis to 
5 produce single or multiple nucleotide substitutions, deletions and/or insertions. 
Nucleotide insertional derivatives of the nucleotide sequence of the present invention 
include 5' and 3' terminal fusions as well as intra-sequence insertions of single or 
multiple nucleotides or nucleotide analogues. Insertional nucleotide sequence 
variants are those in which one or more nucleotides or nucleotide analogues are 

10 introduced into a predetermined site in the nucleotide sequence of said sequence, 
although random insertion is also possible with suitable screening of the resulting 
product being performed. Deletional nucleotide sequence variants are characterised 
by the removal of one or more nucleotides from the nucleotide sequence. 
Substitutional nucleotide sequence variants are those in which at least one nucleotide 

1 5 in the sequence has been removed and a different nucleotide or nucleotide analogue 
inserted in its place. In a preferred embodiment, such substitutions are selected 
based on the degeneracy of the genetic code, as known in the art, with the resulting 
substitutional variant encoding the amino acid sequence of SEQ ID NO:1. 

20 Probes or primers can comprise inosine, adenine, guanine, thymidine, cytidine or 
uracil residues or functional analogues or derivatives thereof that are capable of being 
incorporated into a polynucleotide molecule, provided that the resulting probe or 
primer is capable of hybridising under at least low stringency conditions to SEQ ID 
NO:2 or to a complementary nucleotide sequence thereof, or is at least about 60% 

25 identical to SEQ ID NO:2 or to a complementary nucleotide sequence thereof. 



The biological sample according to this aspect of the invention includes any organ, 
tissue, cell or exudate which contains or is likely to contain Lawsonia intrace/fufaris or 
a nucleic acid derived therefrom. A biological sample can be prepared in a suitable 
30 solution such as, for example, an extraction buffer or suspension buffer. The present 
invention extends to the testing of biological solutions thus prepared, the only 
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requirement being that said so.ution at .east comprise, a biological samp.e as 
described herein. 

The diagnostic assay of the present invention is usefu. for the detection of Lawsonia 
5 intracenularis or a microorganism which is related thereto which expresses the flagellar 
hook protein of the present invention or a flagellar hook protein-tike polypept.de. 

The present invention clearly contemplates diagnostic assays which are capable of 
both genus-specific and species-specific detection. Accordingly, in one embod.ment, 
, o the probe or primer, or a homology analogue or derivative thereof, comprises DNA 
capable of being used to detect multiple Lawsonia spp. In an alternative embod.ment, 
the probe or primer or a homo.ogue. analogue or derivative thereof comprises DNA 
capable of being used to distinguish Lawsonia intracellular from related 
microorganisms. 

Less-highly conserved regions within SEQ ID NO:2 are particularly useful as species- 
specific probes and/or primers for the detection of L. intracellular and very close.y 
related species. 

20 Furthermore, the diagnostic assays described herein can be adapted to a genus- 
specific or species-specific assay by varying the stringency of the hybridisation step 
According*, a low stringency hybridisafon can be used to detect several d.fferent 
species of Lawson,a in one or more biological samples being assayed, while a h.gh 
stringency hybridisation can be used to distinguish Lawsonia intracellulars from such 

25 other species. 

The detection means according to this aspect of the invention may be any nucleic 
acid-based detection means such as, for example, nucleic acid hybrid.sat.on 
techniques or paper chromatography hybridisation assay (PACHA), or an amplificafon 
30 reaction such as PCR. or nucleic acid sequence-based amplification (NASBA) system. 
The invention further encompasses the use of different assay formats of said nucle.c 
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acid-based detection means, including restriction fragment length polymorphism 
(RFLP), amplified fragment length polymorphism (AFLP), single-strand chain 
polymorphism (SSCP), amplification and mismatch detection (AMD), interspersed 
repetitive sequence polymerase chain reaction (IRS-PCR), inverse polymerase chain 
5 reaction (iPCR), in situ polymerase chain reaction and reverse transcription 
polymerase chain reaction (RT-PCR), amongst others. 
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Where the detection means is a nucleic acid hybridisation technique, the probe can 
be labelled with a reporter molecule capable of producing an identifiable signal (e.g., 

10 a radioisotope such as H P or 35 S. or a biotinylated molecule). According to this 
embodiment, those skilled in the art will be aware that the detection of said reporter 
molecule provides for identification of the probe and that, following the hybridisation 
reaction, the detection of the corresponding nucleotide sequences in the biological 
sample is facilitated. Additional probes can be used to confirm the assay results 

15 obtained using a single probe. 
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A variation of the nucleic acid hybridisation technique contemplated by the present 
invention is the paper chromatography hybridisation assay (PACHA) described by 
Reinhartz et a/. (1993) and equivalents thereof, wherein a target nucleic acid molecule 

20 Is labelled with a reporter molecule such as biotin, applied to one end of a 
nitrocellulose or nylon membrane filter strip and subjected to chromatography under 
the action of capillary or other forces (e.g., an electric field) for a time and under 
conditions sufficient to promote migration of said target nucleic acid along the length 
of said membrane to a zone at which a DNA probe is immobilised thereto such as. for 

25 example, in the middle region. According to this detection format, labelled target 
nucleic acid comprising the Lawsonia spp. nucleotide sequences complementary to 
the probe will hybridise thereto and become immobilised in that region of the 
membrane to which the probe is bound. Non-complementary sequences to the probe 
will diffuse past the site at which the probe is bound. The target nucleic acid may 

30 comprise a crude or partially-pure extract of DNA or RNA or, alternatively, an amplified 
or purified DNA. Additional variations of this detection means which utilise the 
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nucleotide sequences described herein are clearly encompassed by the present 
invention. 

Wherein the detection means is a RFLP, nucleic acid derived from the biological 
5 sample, in particular DNA, is digested with one or more restriction endonuclease 
enzymes and the digested DNA is subjected to electrophoresis, transferred to a solid 
support such as, for example, a nylon or nitrocellulose membrane, and hybridised to 
a probe optionally labelled with a reporter molecule as hereinbefore defined. 
According to this embodiment, a specific pattern of DNA fragments Is displayed on the 
10 support, wherein said pattern is preferably specific for a particular Lawsoma spp , to 
enable the user to distinguish between different species of the bacterium. 



Wherein the detection means is an amplification reaction such as, for example, a 

W polymerase chain reaction or a nucleic acid sequence-based amplification (MASBA) 

S 15 system or a variant thereof, one or more nucleic acid primer molecules of at least 15 

W contiguous nucleotides in length derivable from SEQ ID NO;2 or its complementary 

O nucleotide sequence, or a homologue, analogue or derivative thereof, is hybridised to 

£ nucleic acid derived from a biological sample, and nucleic acid copies of the FlgE- 

UJ encoding genetic sequences in said sample, or a part or fragment thereof, are 

% 20 enzymically-arnplified. 

Those skilled in the art will be aware that there must be a sufficiently high percentage 
of nucleotide sequence identity between the primers and the sequences in the 
biological sample template molecule to which they hybridise (i.e.. the "template 
25 molecule"). As stated previously, the stringency conditions can be selected to promote 
hybridisation. 

Preferably, each primer is at least about 95% identical to a region of SEQ ID NO:2 or 
its complementary nucleotide sequence in the template molecule to which it 
30 hybridises. 
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Those skilled in the art will also be aware that, in one format. PCR provides for the 
hybridisation of non-complementary primers to different strands of the template 
molecule, such that the hybridised primers are positioned to facilitate the 5'- 3' 
synthesis of nucleic acid in the intervening region, under the control of a thermostable 
5 DNA polymerase enzyme. As a consequence, PCR provides an advantage over other 
detection means in so far as the nucleotide sequence in the region between the 
hybridised primers may be unknown and unrelated to any known nucleotide sequence. 

In an alternative embodiment, wherein the detection means is AFLP, the primers are 
10 selected such that, when nucleic add derived from the biological sample, in particular 
ffi DNA is amplified, different length amplification products are produced from different 

^ Lawsonia spp. The amplification products can be subjected to electrophoresis, 

transferred to a solid support such as, for example, a nylon or nitrocellulose 
membrane, and hybridised to a probe optionally labelled with a reporter molecule as 
15 hereinbefore described. According to this embodiment, a specific pattern of amplified 
a DNA fragments is displayed on the support, said pattern optionally specific for a 

O particular Lawsonia ssp. r to enable the user to distinguish between different species 

u of the bacterium in much the same way as for RFLP analysis. 

UJ 

Lp 20 The technique of AMD facilitates, not only the detection of Lawsonia spp. DNA in a 
biological sample, but also the determination of nucleotide sequence variants which 
differ from the primers and probes used in the assay format. Wherein the detection 
means is AMD, the probe is end-labelled with a suitable reporter molecule and mixed 
with an excess of the amplified template molecule. The mixtures are subsequently 
25 denatured and allowed to renature to form nucleic acid "probertemplate hybrid 
molecules" or "hybrids", such that any nucleotide sequence variation between the 
probe and the temple molecule to which it is hybridised will disrupt base-pairing in the 
hybrids. These regions of mismatch are sensitive to specific chemical modification 
using hydroxylamine (mismatched cytosine residues) or osmium tetroxfde (mismatched 
30 thymidine residues), allowing subsequent cleavage of the modified site using 
piperidine. The cleaved nucleic acid may be analysed using denaturing 
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polyacrylamide gel electrophoresis, followed by standard nucleic acid hybridisation as 
described supra, to detect the Lawso/va-derived nucleotide sequences. Those skilled 
in the art will be aware of the means of end-labelling a genetic probe according to the 
performance of the invention described in this embodiment. 

5 

According to this embodiment, the use of a single end-labelled probe allows 
unequivocal localisation of the sequence variation. The distance between the point(s) 
of sequence variation and the end-label is represented by the size of the cleavage 
product. 

• 10 

m In an alternative embodiment of. AMD, the probe is labelled at both ends with a 

3 reporter molecule, to facilitate the simultaneous analysis of both DNA strands. 

M= 

« Wherein the detection means is RT-PCR, the nucleic acid sample compnses an RNA 

tj 1 5 molecule which is a transcription product of La wsonia-derived DNA or a homologue, 
W analogue or derivative thereof. As a consequence, this assay format is particularly 

U useful when it is desirable to determine expression of one or more Lawsonia genes. 

According to this embodiment, the RNA sample is reverse-transcribed to produce the 
complementary single-stranded DNA which is subsequently amplified using standard 
20 procedures. 

Variations of the embodiments described herein are described in detail by Mcpherson 
etai. (1991). 

25 The present invention dearly extends to the use of any and all detection means 
referred to supra for the purposes of diagnosing Lawsonia spp. and in particular 
Lawsonia intracellularis infection in animal. 

The amplification reaction detection means described supra can be further coupled to 
30 a classical hybridisation reaction detection means to further enhance sensitivity and 
specificity of the inventive method, such as by hybridising the amplified DNA with a 



esendl2- 5-93; 14:31 ; ; # 53/ 82 



- 55- 

probe which is different from any of the primers used in the amplification reaction. 

Similarly, the hybridisation reaction detection means described supra can be further 
coupled to a second hybridisation step employing a probe which is different from the 
5 probe used in the first hybridisation reaction 

A further aspect of the invention provides an isolated probe or primer derived from 
SEQ ID NO:2 or a complementary nucleotide sequence thereto. 

10 The present invention does not extend to immunogenic polypeptides which comprises 
fj\ exclusively the C-terminal region of the FlgE polypeptide as described in International 

^ Patent Application No. PCT/AU96/00767 or nucleotide sequences encoding same or 

Ly vaccine compositions therefor. 

Uf 

,n 

'Si 15 The present invention is further described by the following norvlimiting examples. 
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EXAMPLE 1 
SOURCES OF PIG TISSUE 



Infected Pig Intestines 

Sections of grossly thickened ilea were taken from pigs naturally or experimentally 
affected by PPE. The presence of L intracellularis bacteria in the ilea was confirmed 
using immunofluorescent staining with specific monoclonal antibodies (McOrist et a/., 
25 1987). An example of a suitable antibody is monoclonal antibody IG4 available from 
the University of Edinburgh, UK. 
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EXAMPLE 2 

ISOLATION OF LAWS ON I A INTRACELLULARIS BACTERIA FROM THE 

INFECTED PIG ILEUM , 
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Lawsorwa intracellularis bacteria were extracted directly from lesions of PPE in pigs by 
filtration and further purified over a Percoll (Pharmacia. Uppsala, Sweden) gradient as 
follows. Infected ilea were collected from pigs and the presence of L intracellularis 
was confirmed histologically before storage at -80 a C. Sections of ileum were thawed 

5 and approximately 8g of infected mucosa were scraped from the intestinal wall. The 
mucosa was homogenised with 40 ml sterile phosphate buffered saline (PBS) on half 
speed for 10 seconds using a Sorvall omnimixer. This suspension was centrifuged at 
2000 xg for 4 minutes. The supernatant was discarded and the cell pellet was 
resuspended in 40 ml PBS and re-centrifuged. This washing step was repeated twice. 

10 The cell pellet was then resuspended in 20 ml PBS and homogenised at full speed for 
one minute to release L. intracellularis bacteria. 

This homogenate was centrifuged at 1000 xg lor 4 minutes giving a pellet containing 
a crude mixture of homogenised epithelial cells and intestinal bacteria. The 

15 supernatant was filtered using filters with pore sized 3 m 1.2 ^ and 0.8 ton 
(Millipore Corporation, MA. USA). The filtrate was centrifuged at 8000 xg for 30 
minutes, resulting in a small pellet of L. intracellularis bacteria. The L intracellularis 
bacteria were further purified using a 45% self forming Percoll gradient as follows: 2 
mis of the bacterial preparation was mixed by inversion into 30 mis of a 45% self 

20 forming Percoll (Pharmacia LKB. Uppsala, Sweden) gradient (45% v/v of Percoll, 150 
mM NaCI). The gradients were centrifuged in a Sorvall centrifuge using the SS34 
rotor, at 20,000 rpm for 30 minutes at 4°C. Usually a number of bands form within the 
gradient. The band (usually located approx. 10-20 mm from the base of the tube) 
containing the L. intracellularis bacteria was collected and the volume made up to 16 

25 mis with PBS. The solution was then centrifuged for 15 minutes at 8000 rpm. The 
resultant pellet was washed with PBS before being resuspended in a final volume of 
approximately one ml. 
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EXAMPLE 3 

PURIFICATION OF LAWSONIA INTRACELLULARIS GENOMIC DNA 
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Genomic DNA was extracted from Percoll-gradient purified Lawsonia intracellularis 
bacteria recovered from infected pig ilea scrapings (Example 2) by the methods 
described by Anderson et aJ (1 984) and Sambrook et af (1989). 

Briefly, the L. in trace flu la ris cells were pelleted by centrifugation at 14,000 x g at 4°C 
for 15 min. The cells were resuspended in 10 ml of TE buffer (1 mM Tris-HCI, 0. 1 mM 
EDTA, pH 8.0) and centrifuged as before. The pellet was then resuspended in 4 ml 
of TE buffer containing 4 mg/ml lysozyme (Sigma Chemical Co.) and incubated at 
37° C for 20 min. SDS and proteinase K (Promega, Wl, USA) were added to final 
concentrations of 1 % (w/v) and 200 Mg/ml, respectively, and incubation was continued 
at 45°C for 4 hours. The lysate was then extracted with an equal volume of phenol, 
phenol:chloroform (1:1) and chloroform, respectively, and the nucleic acids were 
recovered from the supernatant by ethanol precipitation. The pellet was gently 
dissolved in TE, treated with RnaseA (Promega, Wl, USA) at 37°C for 30 min and then 
digested with proteinase K in the presence of 0.5% (w/v) SDS for 1 h at 50° C. After 
another round of phenokchloroform (1:1) and ethanol precipitation, the purified DNA 
was dissolved in TE. The DNA was then stored at 4°C. 

20 EXAMPLE 4 

IMMUNOSCREENING OP A L, INTRACELLULARIS LIBRARY USING . 
EXPERIMENTAL SERA FROM VACCINATED PIGS 

The genomic DNA from Example 3 was partially digested with the restriction 
endonudease Sau3A (Promega) and ligated into Lambda ZAP Express (Stratagene, 

25 CA, USA). The lambda library was plated on a lawn of E. colt XLI-Blue cells at a 
density of 1 ,000 phage forming units (pfu) per 150 mm L-broth agar plate. The library 
was screened using the method described in the Protoblot Technical Manual 
(Promega, Wl, USA). The filters were blocked in blocking buffer (10 mM Tris-HCJ, pH 
8.0, 150 mM NaCI, 0.05% Tween 20, 5% Blotto), prior to screening with sera from the 

30 pigs Y12 and/or 395. The pigs Y12 and 395 had been immunised with formalin-killed 
L. intracellularis and heat-killed L. intracellularis, respectively, as described In 
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International Patent Application No. PCT/AU96/00767. Positive plaques which were 
identified in the primary screen were picked, re-plated at a lower density and re- 
screened with either or both sera until an individual plaque was isolated. Plasmid 
DNA from the positive lambda phage clone was isolated by in vivo excision, as 
5 recommended by the manufacturer (Stratagene, CA, USA). A clone containing the 
partial flgE gene of L~ intracellularis was identified in this way. 

EXAMPLE 5 

ANALYSIS OF L. INTRACELLULARIS EXPRESSING PHAGE CLONES 

10 Phagemid DNA from positive XZAP II Express phage clones was isolated by in vivo 
excision, by the conditions recommended by the manufacturer (Stratagene). 

Plasmid DNA for restriction analysis was extracted by alkaline-lysis, as described by 
Sambrook et al (1989), and for automated sequencing, using the High Pure Plasmid 
15 Kit, as recommended by the manufacturer (Boehringer Mannheim, Mannheim, 
Germany). 

The nucleotide sequence (1005 bp) of the 5' region of the flgE gene of Lawsonia 
intracellularis was obtained from the clone isolated as described in Example 4. The 
20 remaining portion of the flgE gene was amplified using the Vectorette System as 
described by the manufacturer (Genosys Biotechnologies Inc., TX, USA). 

Briefly, the Vectorette System enables the amplification of specific DNA fragments 
where the sequence of only one primer is known. There are three basic steps as 
25 follows: 

(i) digestion of target DNA (Lawsonia intracellularis genomic DNA in this 
case) with a restriction enzyme; 

(ii) ligation of synthetic oligonucleotides to the digested DNA; and 

(iii) amplification of the remaining flgE nucleotide sequence using a first 
30 primer specific for the known 5' sequence of flgE and a second primer directed 

toward the ligated synthetic oligonucleotide. 
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The nucleotide sequence of the amplified product containing the flgE gene was then 
obtained. DNA sequencing of amplified DNA and isolated done inserts was performed 
by the Dye-terminator method of automated sequencing (ABI Biosystems, CA, USA). 
The nucleotide sequence of the complete coding region of the flgE gene is set out in 
5 SEQ ID NO: 2. 

EXAMPLE 6 

IDENTIFICATION OF L. INTRACELLULARS COMPONENTS 

Sequence similarity of the DNA molecules encoding putative vaccine candidates 
10 identified from Example 4 and 5, was identified using the BLAST algorithms (Gish and 

States, 1993). Nucleotide sequence SEQ ID NO:2 and its corresponding deduced 
fT amino acid sequence (SEQ ID NO:1) have sequence similarity to flagellar hook 

W polypeptides derived from other pathogenic microorganisms (Figure 1). Unique 

^ regions of the Lawsonia intracellufaris FlgE polypeptide are apparent from a 

Sj 15 comparison of the amino acid sequence of this polypeptide to those from other 



Template DNA was purified from DNA isolated from infected pig intestinal mucosa 
isolated from the ileum of pigs infected with L. intracelfularis. DNA purification from 
intestinal mucosa was performed according to the method of Nollau et al. (1 996). Due 
25 to the presence of contaminating polysaccharides and other material, the DNA content 
of the samples was not quantitated and samples were used empirically in PCR 
amplifications. 



microorganisms (Figure 1). 



EXAMPLE 7 



20 



PREPARATION OF BIOLOGICAL MATERIAL FOR 
DEPOSIT - AMPLIFICATION OF flgE 



The PCR amplifications consisted of 1 ^l pig intestinal mucosa, 1 /xM each of the 
30 forward (RA170: 5' CTATTTTTAGGAGATGTTATC 3'; SEQ ID NO:3) and reverse 
primers (RA171: 5' TACAAAATTAACAATAAAATAC 3'; SEQ ID NO:4). 7.5 units 
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KlenTaq! polymerase (Ab Peptides, Inc., St. Louis, Missouri), 0.075 units Pfu 
polymerase (Stratagene Cloning Systems, La Jolla, California), 1 x PC2 (KlenTaql) 
buffer and 0.2 mM dNTPs in a 50 p\ volume. PCR was carried out in 4 stages: (i) 
94°C for 5 min; (ii) 94°C for 1 min, 58°C for 30 seconds, 72°C for 2 min, x 33 cycles; 
5 (iii) 72° C for 10 min, (iv) hold at 4°C. 



The PCR fragment encoding the flgE gene of L intraceUularis was subcloned into 
pCR2.1-TOPO (Invitrogen Corp., Carlsbad, CA) and designated pALK11 (ATCC 
Accession No. 207156). 

10 

y * 

; 3 MICROORGANISM DEPOSITS 

LJ The plasmid pALK1 1 was deposited with the American Type Culture Collection 

4; (ATCC) at 1 0801 University Boulevard, Manassas, VA 201 10, USA on 1 1th March. 

SI 15 1 999 and was assigned ATCC Accession No. 2071 56. 

W 

■ =3 

i 

'f* 

w 

•0 
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WE CLAIM: 

1. An isolated or recombinant immunogenic polypeptide which comprises, 
mimics or cross-reacts with a B-cell or T-cell epitope of a Lawsonia spp. FlgE 
polypeptide. 

2 . The isolated or recombinant immunogenic polypeptide of claim 1 capable of 
eliciting the production of antibodies against Lawsonia spp. when administered to an 
avian or porcine animal. 

3. The isolated or recombinant immunogenic polypeptide of claim 1 capable of 
conferring a protective immune response against Lawsonia spp. when administered 
to an avian or porcine animal. 

. 4 . The isolated or recombinant immunogenic polypeptide of claim 2 wherein the 

Lawsonia spp. is L. intracel/ularis. 



5. The isolated or recombinant immunogenic polypeptide of claim 3 wherein the 

r] Lawsonia spp. is L intracetlutaris. 



H 6. An isolated or recombinant immunogenic polypeptide selected from the 

following: 

(i) a peptide, oligopeptide or polypeptide which comprises an amino acid 
sequence which has at least about 60% sequence identity overall to the amino 
acid sequence set forth in SEQ ID NO: 1 ; 

(ii) a homologue. analogue or derivative of (i) which mimics a B-cell or T-cell 
epitope of a Lawsonia spp. FlgE polypeptide. 

7. The isolated or recombinant immunogenic polypeptide of claim 6 capable of 

eliciting the production of antibodies against Lawsonia spp. in a porcine or avian 
animal. 
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8. The isolated or recombinant immunogenic polypeptide of claim 7 capable of 
conferring a protective immune response against Lawsonia spp. in a porcine or avian 
animal. 

9. The isolated or recombinant immunogenic polypeptide of claim 6 t capable of 
inducing humoral immunity against Lawsonia spp. in a porcine or avian animal. 



UJ 



10. The isolated or recombinant immunogenic polypeptide of claim 9, capable of 
inducing humoral immunity against Lawsonia spp. in a porcine animal. 

1 1 The isolated or recombinant immunogenic polypeptide of claim 8 wherein the 
Lawsonia spp. is L intrac&llularis. 

12. The isolated or recombinant immunogenic polypeptide of claim 10 wherein the 
Lawsonia spp. is L. intraceltularis. 



UJ 



1 3. The isolated or recombinant immunogenic polypeptide of claim 6 that comprises 
the amino acid sequence set forth in SEQ ID NO: 1 or the amino acid sequence 
encoded by the FlgE-encoding nucleotide sequence of pALK1 1 (ATCC 207156) and 
is capable of eliciting the production of antibodies against Lawsonia intraceltularis 
when administered to an avian or porcine animal. 



14. The isolated or recombinant immunogenic polypeptide of claim 13 that consists 
essentially of the amino acid sequence of SEQ ID NO: 1 or the amino acid sequence 
encoded by the FlgE-encoding nucleotide sequence of pALK1 1 (ATCC 207156) . 

1 5. The isolated or recombinant immunogenic polypeptide of claim 1 3 or 1 4 capable 
of inducing a protective immune response against Lawsonia intracellutaris in a porcihe 
or avian animal. 



16. The isolated or recombinant immunogenic polypeptide of claim 15 capable of 
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inducing a protective immune response against Lawsonia intracellulars in a porcine 
animal. 

1 7. A vaccine composition for the prophylaxis or treatment of infection of an animal 
by Lawsonia spp., said vaccine composition comprising an immunogenic component 
which comprises an isolated or recombinant polypeptide having at least about 60% 
sequence identity overall to the amino acid sequence set forth in SEQ ID NO: 1 or an 
immunogenic homologue, analogue or derivative thereof which is immunologically 
cross-reactive with Lawsonia intracellularis; and one or more carriers, diluents or 
adjuvants suitable for veterinary or pharmaceutical use. 

18. The vaccine composition according to claim 17 wherein the Lawsonia spp. is L. 
intracellularis. 

19. The vaccine composition according to claim 18 wherein the immunogenic 
component comprises an isolated or recombinant polypeptide that comprises the 
amino acid sequence set forth in SEQ ID NO: 1 or the amino acid sequence encoded 
by the FlgE-encoding nucleotide sequence of pALK11 (ATCC 207156) . 

20. The vaccine composition of claim 19, wherein the immunogenic component 
consists essentially of the amino acid sequence of SEQ ID NO: 1. 

21 . A combination vaccine composition for the prophylaxis or treatment of infection 
of an animal by Lawsonia spp.. said vaccine composition comprising: 

(i) a first immunogenic component which comprises an isolated or recombinant 
polypeptide having at least about 60% sequence identity overall to the amino 
acid sequence set forth in SEQ ID NO: 1 or an immunogenic homologue, 
analogue or derivative thereof which is immunologically cross-reactive with 
Lawsonia intracellularis; 

(ii) a second immunogenic component comprising an antigenic L. intracellularis 
peptide, polypeptide or protein; and 
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(iii) one or more carriers, diluents or adjuvants suitable for veterinary or 
pharmaceutical use. 

22. A vaccine vector that comprises, in an expressible form, an isolated nucleic acid 
molecule having a nucleotide sequence that encodes an isolated or recombinant 
immunogenic polypeptide which comprises the amino acid sequence set forth in SEQ 
ID NO: 1, such that said immunogenic polypeptide is expressible at a level sufficient 
to confer immunity against Lawsonia spp., when administered to a porcine or avian 
animal. 



ip 23. The vaccine vector of claim 22 wherein the immunogenic polypeptide is 

P expressed using the steps of: 

Ui (I) placing an isolated nucleic acid molecule which comprises the nucleotide 

% sequence set forth in SEQ ID NO: 2 or degenerate variant, a homologue, 

Hi analogue or derivative thereof which has at least about 60% sequence identity 

* thereto, in operative association with a promoter sequence; 

□ (") introducing the isolated nucleic add molecule and promoter sequence of step 

?! <a) into the vaccine vector: and 

Uj (iii) incubating, growing, or propagating the vaccine vector for a time and 

under conditions sufficient for expression of the immunogenic polypeptide 
encoded by said nucleic acid molecule to occur. 

0 

24. The vaccine vector of claim 23 wherein the Lawsonia spp. is L intracellular!*. 

25. A polyclonal or monoclonal antibody molecule that is capable of binding 
specifically to an FlgE polypeptide or a derivative of an RgE polypeptide that is 
derived from Lawsonia spp. and has at least about 60% sequence identity overall to 
the amino acid sequence set forth in SEQ ID NO: 1 . 

26. The antibody molecule of claim 25 wherein the FlgE polypeptide or derivative 
thereof comprises the amino acid sequence set forth in SEQ ID NO: 1. 
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27 A method of diagnosing infection of a porcine or avian animal by Lawsonia 
intracBllularis or a microorganism that is immunologically cross-reactive thereto, said 
method comprising the steps of contacting a biological sample derived from said 
animal with the antibody molecule of claim 25 for a time and under conditions sufficient 
for an antigenrantibody complex to form, and then detecting said complex formation. 

28. The method of claim 27 wherein the biological sample comprises whole serum, 
lymph nodes, ileum, caecum, small intestine, large intestine, faeces or a rectal swab 
derived from a porcine animal. 

29. A method of identifying whether or not a porcine or avian animal. has suffered 
from a past infection, or is currently infected, with Lawsonia intracellularis or a 
microorganism that is immunologically cross-reactive thereto, said method comprising 
contacting blood or serum derived from said animal with the immunogenic polypeptide 
of claim 1 for a time and under conditions sufficient for an antigentantibody complex 
to form and then detecting said complex formation. 

30. An isolated nucleic acid molecule which comprises a sequence of nucleotides 
which encodes, or is complementary to a nucleic add molecule that encodes, a 
peptide, oligopeptide or polypeptide selected from the group aconsisting of: 

(i) a peptide, oligopeptide or polypeptide which comprises an amino acid 
sequence which has at least about 60% sequence identity overall to the amino 
acid sequence set forth in SEQ ID NO: 1;and 

(iii) a homologue, analogue or derivative of (i) which mimics a B-cell or T- 
cell epitope of Lawsonia spp. 

31 . The isolated nucleic acid molecule of claim 30, wherein the peptide, oligopeptide 
or polypeptide comprises the amino acid sequence set forth in SEQ ID NO: 1 or the 
amino acid sequence encoded by the FlgE-encoding nucleotide sequence of pALK1 1 
(ATCC 207156) or a B-cell epitope or T-cell epitope thereof. 
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32. The isolated nucleic acid molecule of claim 31 comprising the nucleotide 
sequence set forth in SEQ ID NO: 2 or a complementary nucleotide sequence thereto, 
or a degenerate variant thereof. 

33. The isolated nucleic acid molecule of claim 32 consisting essentially of the 
nucleotide sequence of SEQ ID NO: 2 or a degenerate variant thereof. 



34. A method of detecting Lawsonia intracef/ufaris or related microorganism in a 
biological sample derived from a porcine or avian animal subject, said method 
comprising the steps of hybridising one or more probes or primers derived from the 
nucleotide sequence set forth in SEQ ID NO: 2 or a complementary nucleotide 
£ sequence thereto to said sample and then detecting said hybridisation using a 

detection means. 



m 



35. The method of claim 34 wherein the biological sample comprises whole serum, 
lymph nodes, ileum, caecum, small intestine, large intestine, faeces or a rectal swab 
derived from a porcine animal. 



g 36. The method of claim 34 wherein the detection means comprises any nucleic acid 
•Q based hybridisation or amplification reaction. 

37. A probe or primer having at least about 15 contiguous nucleotides in length 
derived from SEQ ID NO: 2 or a complementary nucleotide sequence thereto. 

38. A plasmid designated pALK1 1 (ATCC Accession No. 207156). 

39. The combination vaccine according to claim 21 wherein the second immunogenic 
component comprises an antigenic L. intracef/u/ans peptide, polypeptide or protein 
selected from the group consisting of OmpH, SodC, hemolysin and autolysin. 
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ABSTRACT 

The present invention relates generally to therapeutic compositions for the treatment 
and/or prophylaxis of intestinal disease conditions in animals and birds caused or 
exacerbated by Lawsonia intnacetlularis or similar or otherwise related microorganism. 
In particular, the present invention provides a novel gene derived from Lawsonia 
intracellular which encodes an immunogenic FlgE peptide, polypeptide or protein that 
is particularly useful as an antigen in vaccine preparation for conferring humoral 
immunity against Lawsonia intnacetlularis and related pathogens in animal hosts. The 
present invention is also directed to methods for the treatment and/or prophylaxis of 
such intestinal disease conditions and to diagnostic agents and procedures for 
detecting Lawsonia intracellularis or similar or otherwise related microorganisms. 
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SEQUENCE LISTING 

<110> Agriculture Victoria 

<120> Kcvel Uwsonia spp . gene and uses therefor IV 

<130> p:\oper\mro\lavrxon-4-prv 

<140> 
<141> 

<160> 4 

<170> Patentln Ver. 2.0 

JL. <210> 1 

I*? <2H> 502 

n <212> PRT 

j"l <213> Lawsonia intracellularaa 

2 

^ <^00> 1 

Uj Met Met Gly Set Leu Phe He Gly Ala Thr Gly Met Lys Thr Hia Set 

l» 1 5 io 15 

Ut Thr Gl y Xhr Val Ser Aan Aan He Ala Asn Ala Asn Thr He 

M; 20 2S 30 

yj 

iq Gly Tyr Lys Gin Gin Gin Val Val Phe Gin Asp leu Phe Ser Gin Asp 



Leu Ala He Gly Ser Thr Gly Ser Gin Gly Pro Asn Gin Ala Gly Met 
50 55 so 

Gly Ala Gin Val Gly Ser Val Axg Thr He Phe Thr Gin Gly Ala Phe 
65 70 75 eo 

Glu Pro Gly Asn Ser Val Thr Asp Leu Ala He Gly Gly Lya Gly Phe 
35 SO 95 

Phe Gin Val Thr Leu Glu Asp Lys val His Tyr Thr Arg Ala Gly Asn 
100 ios no 

Phe Arg Ph c Thr Gin Asp Gly Phe Leu Asn Asp Pro Ser Gly Phe Thr 
115 12 0 12 S 
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Leu Met G]y Ser Arg He Set Asn Asn Pro Asn He Lys Lys GlU Thr 
130 13S 140 



Leu Glu Pro He Gin Leu Asp Phe Asn Asp Pro Thr Val Ala Lys Ser 

155 160 



145 



ISO 



Pro Ala Lys Thr Ser Thr Ala Leu Asn Ala Val Val Asn Leu Gly Asp 
165 170 

Ser Thx Asp Lys Thr Gin Ser Glu Ala Asn Pro Tyr Phe Ala Leu leu 
180 IBS 190 



m 

Q 



Glu sex Tx P Lys Gly Asn Gly Thr Pro pro He ser Thr ser Asn Tyr 
195 200 205 

sex Tyr Ala Gin Pro Met: Arg val Tyr Asp Gin Gin Gly Asn ser His 
210 215 220 

*sp He Thr Val Tyr Phe Asp Gly Ala Pro Ser Ser Thr Gly Sex Lys 
225 230 235 240 

Thr Phe Glu Tyr Leu v*l Ala Met Asn Pro Ser Glu Asp Gly Sex Ala 
245 250 255 

Ala Ser Gly Thr Asp ser ALa Gly Leu leu Met ser Gly Thr Met Thr 
260 265 270 



Phe Ser Ser Asn Gly Glu Leu Lys Asn Met Thx Ala Phe Thr Pxo Thr 
275 280 285 



Gly Ser Ala Thr Lys Asp Leu Asn Ala Trp Gin Pxo Ala Pxo Leu Val 
250 295 300 

Asn Gly Leu Pro Gin Phe ser Ala Asn Phe val Gly Ala Gly He Gin 
305 310 315 320 

Pro Leu Thr Leu Asp Phe Gly He Lys ser Gin Gin Asn Met Trp Ala 

325 330 335 

Gly Ala Pro Ala Sex Ala Ala Ala. He Gly Thr Asp He Gly Lys Leu 
340 345 350 



pro ser Met Met Pre He Gin Thr Set Ser Gly Asn Sex Thx Ala Arg 
355 360 365 



Asn Gly Ser Ser Ser Thr Arg Arg Tyr ser Gin Asp Gly Tyr Pxo Gin 



esend 1 2- 5-99 ; 14:31 



-3- 



# 77/ 82 



370 



375 



380 



Gly Asp Leu Val Asp Val The lie Thr Ser Glu Gly Lya Leu Gin Cly 
385 350 395 400 

Lya Tyr Scr Asn Ser Gin Val Val Asp Phe Tyr Asn lie Pro Leu Ala 
405 410 415 

Arg Phe Thr 5er Glu Asp Gly Leu Arg Arg Glu Gly Asn Asn His Tyr 
420 425 430 

Sex Ala Thr Leu Asp Ser Gly Gly Pro Glu Phe Gly Leu Pro Gly Thr 
435 440 445 



Ser Asn Tyx Gly Lys Leu Ser Val Asn Gin Leu Glu Thr Scr Asn Val 
450 455 460 

Asp Met Ser Arg Glu Met Val Asn Met lie He He Gin Arg Gly phe 

465 470 475 480 



Gin Hex Asn Ser Lys Ser Val Thr Thr Ala Asp Thr Met Leu Gin Lys 
485 490 4S5 

Ala Leu Glu Leu Lys Arg 
500 



•■At 

•a 
,n 



<210> 2 

<211> 1509 

<212> DNA 

<213> lawsoiua intracellulars 



<220> 

<221> CDS 

<222> (1) . . (1506) 

<400> 2 

atg at 5 ggg agt ttg ttt att ggt gca aca ggt atg aaa acc cat agt 48 

Met Met Gly Ser Leu Phe lie Gly Ala Thr Gly Met Lys Thr His Ser 
1 5 10 15 



aca ggg ttg ggt act gtc tec aat aat ate get aac gca aat acc att 96 
Thr Gly l c u Gly Thr Vol Sex Asn Asn He Ala Asn Ala Asn Thr He 
20 25 30 



ggg tat aag cag caa cag gta gtg ttt caa gac ctg ttt agt caa gat 14 4 
Gly Tyr Lys Gin Gin Gin Val Val Phe Gin Asp Leu Phe Ser Gin Asp 
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40 45 



tta gca ata ggt tct act gga agt cag ggg eca a« cag get ggc atg 192 
Leu Ala lie Gly Ser Thr Gly Ser Gin Gly Pro Asn Gin Ala Gly Met 
50 55 60 

gga gca cag gtt gga agt get cgc aca att ttt aca cag ggt get ttt 240 
Gly Ala Gin Va.1 Gly Ser Val Arg Thr He Phe Thr Gin Gly Ala Phe 
65 70 75 80 

gaa cct gge aat agt gta aca gat ctt get att ggt gga aaa ggt ttt 28 8 
Glu Pco Gly Asn Ser Val Thz Asp Leu Ala He Gly Gly Lys Gly Phe 
85 90 95 

L tt cag gtt aca tta gag gat aaa gta cac tat aca cga gca ggg aat 336 
01 Phe Gin Val Thr Leu Glu Asp Lys Val His Tyr Thr Arg Ala Gly Asn 

1^ 100 105 HO 

yj ttt cgr etc act caa gat ggt ttt eta aat gat cct age gga ttt act 3B4 

W Phe Arg Phe Thx Gin Asp Gly Phe Leu Asn Asp Pro Ser Gly Phe Thr 

i.Q US 120 125 

M 

Ui tta atg ggc tea aga ata tct aat aat cct aac ata aaa aag gaa ace 432 

a Leu Met Gly Sex Axg lie Ser Asn Asn Pro Asn He Lys Lys Glu Thr 

Q 130 135 140 

*** ctt gaa cca att cag tta gac ttt aat gat cct aca gta gca aag tct 48 0 

Leu Glu Pro lie Gin Leu Asp Phe Asn Asp Pro Thr Val Ala Lys Ser 

145 150 155 160 

cct gca aaa ac- agt aca gca tta aac get gtg gta aac ctt ggt gat 528 
Pro Ala Lys Thr Ser Thr Ala Leu Asn Ala Val Val Asn Leu Gly Asp 
165 170 175 

agt aca gat aaa aca eaa agt gaa get aat cca tac ttt gca ctt ctt 576 
Ser Thr Asp Lys Thr Gin S«r Glu Ala Asn Pro Tyr Phe Ala Leu Leu 
180 IBS 190 

gag age tgg aaa gga aat gga aca cct cct act tct aca tea aac tac 624 
Glu Ser Trp Lys Gly Asn Gly Thr pro Pro lie Ser Thx Ser Asn Tyr 
195 200 20S 

tea tat gca caa cct atg aga gta tat gat caa caa gga aat tct eac 672 
Ser Tyr Ala Gin Pro Met Arg Val Tyr Asp Gin Gin Gly Asn Sex His 
210 215 220 
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gat ata act gca tat ttt gat gga g Ca ccc tct tea aca gga agt aaa 720 
Asp He Thr Val Tyx Phe Asp Gly Ala Pro Sex Sex Thx Gly ser Lys 
.225 2 3o 



23S 



240 



aca ttt gaa tac ctt gta gee atg aat cct agt gaa gat gga agt get 
Thr Phe Glu Tyx Leu Val Ala Met Asn Pro Ser Glu Asp Gly Sex Ala 
245 250 25S 

gca tea gga aca gat agt gca ggt etc tta atg tct gg a act a tg aca 
Ala Ser Gly Thr Asp Sex Ala Gly Leu Leu Met Sex Gly Thr Met Thr 
260 265 270 



768 



816 



ttt tca ao - c aac ggc gaa ^ ta aaa aat atg ^ ^ ^ ^ 4 

Phc Scr Ser Asn Gly Glu Leu Ly 5 A,n Met Thr Ala Phe Thr Pro Thr 
275 280 285 

ggc tct gca aca aaa gat tta aat gca tgg caa cca gca cca tta gtc 9i 2 
Gly Sex Ala Thr Lys Asp Leu Asn Ala Trp Gin Pro Ala Pro Leu Val 
290 295 300 



aat ggt tta cca cag ttt tea g Ca aat ttt gtt ggt gca gga ata cag 960 
Asn Gly Leu Pro Gin Phe sex Ala Asn Phe Val Gly Ala Gly He Gin 

305 310 "SIR 

JAU 315 320 

cct tta aca tta gac ttt gga att aaa age caa cag aat atg tgg gca 1009 
Pro Leu Thx Leu Asp Phe Gly He Lys Sex Gin Gin ^a Met, Trp Ala 
32 5 330 335 

gga get cca gca tec get get gee ata ggt aca gat att ggg aaa erg 1056 
Gly Ala Pro Ala Sex Ala Ala Ala lie Gly Thr A*p He Gly Lys Leu 
340 345 3so 



cca tca atg atg cca ata caa aca tee age ggt aat tct a<=a gca aga n 0 a 
Fro sex Met Met Pro He Gin Thx Sex Ser Gly Asn Sex Thx Ala Arg 
355 3 fi0 3£5 



aat gga tca tct tca aca aga aga tat age caa gat ggt tat eet cag 
Gly ser Ser Sex Thr Axg Arg Tyx Sex Gin Asp Gly Tyx Pxo Gin 
370 375 380 



1152 



*ga g*t eta gta gat gtc aca att acc tet gaa ggg aaa tta caa ggt 1200 
Gly Asp Leu Val Asp Val Thx He Thr Sex Glu Gly Lys Leu Gin Gly 
385 390 400 

**g tat agt aat agt cag gtt gtt gat ttt tat aat att cct tta gca 12 08 
LyS ^ S ~ SC * Gl * V *l ^1 A*p Phe Tyr Asn lie P xo Leu Ala 
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405 



410 



415 



cgc ttt aca agt gag gat gg* tra aga cga gaa 9*3 aat aac cat tat 1296 
Arg Phe Thr Ser Glu Asp Gly Leu Arg Arg Glu Gly Asn Asn His Tyr 
420 ^25 430 



tlcc gca aca ctt gac tea ggt ggg cca gag ctt gga ttg cca gga aca 
ser Ala Thr Leu Asp Ser Gly Gly Pro Glu Phe Gly Leu Pro Gly Thr 
435 440 445 



1344 



tct aac tat gga aaa ctt agt gtg aat caa «t gag act tct arc gta 1392 

Sec Asn Tyr Gly Lys Leu Ser Val Asn Gin Leu Glu Thr Ser Asn Val 

450 4S5 460 

gac arg age aga gaa atg gtt aat atg att att att caa cgt ggt ttt 1440 

Asp Met Ser Arg Glu Met Val Asn Met lie He He Gin Arg Gly Phe 
4-70 475 490 



465 



cag atg aat agt aaa tct gtt aca aca gca gac aca atg eta caa aaa 
Gin Met Aan Ser Lys Ser Val Thr Thx Ala Asp Thr Met Leu Gin Lys 
<JB5 490 495 

gca ctt gaa eta aag cgt Caa 
Ala Leu Glu Leu Lys Arg 
500 



1488 



1509 



«0 



<210> 3 
<211> 21 
<212> CNA 

<213> Artificial sequence 



<220> 

<223> Description of Artificial Sequence : oligonucleotide 



<400> 3 

ctatttttag gagatgttat c 



21 



<210> 4 
<211> 22 
<212> DMA 

<213> Artificial Sequence 
<2Z0> 

<223> Description of Artificial Sequence : oligonucleotide 



<400> 4 

tacaaaatta acaataaaat ac 



22 
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